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SOURCES OF ROOT-KNOT NEMATODE RESISTANCE IN LIMA BEANS? 
R. W. Allard 


SUMMARY 


As part of a long-range breeding program for the 
control of root-knot nematodes on lima beans, a 
rapid greenhouse test for determining the relative 
susceptibility of lima bean strains was developed 
and used to survey 380 varieties and strains for re- 
action to the pest. Although the greenhouse meth- 
od is considerably more severe than field tests, the 
results appeared to be well correlated with field re- 
sponses. The survey revealed a wide range of re- 


action to root-knot among lima bean strains, indi- 
cating that a number of genes governing nematode 
reaction exist in the species. As a result of the 
survey, 12 strains highly resistant in the greenhouse 
and immune on a limited number of field tests 
were selected as promising sources of resistance. 
The manner in which these strains will be used to 


augment existing resistance to the pest is dis- 
cussed. 





The root-knot nematode is a serious problem in pro- 
duction of lima beans, Phaseolus lunatus L., in most 
areas in the United States where this crop is grown. 
In California it is probably the most important limit- 
ing factor in production of this crop. Despite the wide 
host range of the parasite, there is considerable evi- 
dence that genetic resistance provides a practical meth- 
od of nematode control. The best of this evidence has 
been obtained through experience with the dry-edible 
baby lima bean varieties Hopi 5989 and Westan (1). 
Hopi 5989 rapidly became the dominant variety on 
nematode-infested fields after its release to farmers in 
1935; it maintained dominance until the release of 
the equally resistant Westan variety in 1946. The re- 
placement of Hopi 5989 by Westan was the result of 
the superiority of Westan in certain agronomic char- 
acteristics. Authenticated cases of nematode damage 
of economic proportions to either variety have not oc- 
curred in California, although Hopi 5989 was widely 
grown for more than 10 years and Westan has been 
widely grown for 6 years. 

By 1948 it had been learned from several field trials 
in which a number of lima bean strains were surveyed 
for their reaction to nematodes that resistance superior 
to that of either Hopi 5989 or Westan exists in this 
species. It had also been learned that neither of these 
varieties makes a good parent because of the difficulty 
of recovering resistant types in the progeny of their 
hybrids. Consequently, neither was selected as the 
source of resistance when it 


was decided to breed 


nematode-resistant varieties of other types of lima 
beans, namely standard limas, large-seeded processing 
type limas, and small-seeded processing type limas. 
Instead, a strain designated as L76 was selected as the 
source of resistance because its superior resistance is 
under fairly simple genetic control. 

Although resistance of the 3 mentioned 


above appears to be stable under California conditions, 


varieties 


it is probable that additional types of resistance will 
eventually be required, since it is known that races 
capable of attacking these varieties occur in the United 
States.? In anticipation of this probability. a program 


1 Accepted for publication August 23, 1953. 

“Unpublished reports of cooperative uniform nematode 
nurseries, compiled by Roy Magruder and R. E. Wester, 
oy OA. 


to locate additional sources of resistance was under- 
taken in 1946. Ultimately, most of the lima bean va- 
rieties and strains maintained by the California Agri- 
cultural Experiment Station were tested for their reac- 
tion to nematode-infested soil collected in several areas 
in California. It is probable that many of the strains 
tested may be suitable parental material in areas other 
than California. 

MATERIALS AND METHODS.—Field tests for nematode 
resistance have produced erratic results. Therefore 
the development of a rapid greenhouse test became 
necessary when the testing of large numbers of strains 
undertaken. The following method, modified 
from ones described by Bailey (2), Barrons (3), and 
Wester (5), proved to be most suitable and was used 
for all tests reported here. Greenhouse benches were 
filled to a depth of 8 in. with a mixture of 75 per cent 
sand and 25 per cent nematode-infested soil. Furrows 
spaced 6 in. apart were opened to a depth of approxi- 
mately 11% in., and the bottom 1% in. was filled with a 
mixture of equal parts of sand and nematode-infested 
soil, upon which the seeds were placed at 1-in. inter- 
vals and covered with sand. Soil temperature in the 
root zone was held at 20-24° C. by means of thermo- 
statically controlled electric heating cables. Inocula- 
tion in the bottoms of the furrows was necessary with 


were 


each planting; otherwise the nematodes failed to main- 
tain themselves, especially when most of the strains 
under test were resistant. A complete change of soil 
and sand in the bench was made after each fifth 
planting. The nematode-infested soil used in the 4- 
year period during which these tests continued was 
obtained from representative fields in each of the ma- 
jor lima bean growing areas of California. The pro- 
portional amount of soil from each area varied from 
year to year, depending upon opportunities for making 
Only 1 species and variety of nematode 
was observed in the greenhouse trials, Meloidogyne 
incognita (Kofoid and White, 1919) var. acrita (Chit- 
wood, 1949).* It is the only species known to infect 
lima beans in the field in California. 

Gall-indices were determined approximately 60 days 
after planting by washing the roots free from soil and 


collections. 


3% All identifications of nematodes here reported were 
made by Dr. M. W. Allen, Department of Entomology and 
Parasitology, University of California. 
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classifying individual plants on an arbitrary scale of 
1-5. The significance of the scale is as follows: 1) Re- 
sistant—completely or nearly free from galls; galls 
formed very small. 2) Moderately resistant—galls in- 
frequent and small. 3) Moderately susceptible 
infrequent to frequent, varying from small to medium. 
4) Susceptible 
in size. 5) Very susceptible 


galls 


galls frequent, including some large 
galls frequent and most- 
ly large; plants usually failed to survive 60-day test 
period. 

Thirty seeds of the strain under test were sown pel! 
row, and the gall-index of the row was calculated 
as a weighted index. Thirty-three rows were sown per 
bench. 
variety Wilbur. Since the variation in the reaction of 
Wilbur was much greater between than within plant- 
ings, the best measure of comparative resistance was 


Every third row was sown to the susceptible 


obtained by comparing each strain with Wilbur grown 
at the same time in the same bench. Thus the mean 
gall-index of Wilbur in each bench was used as a 
standard, and comparative resistance was expressed in 
terms of the reaction of Wilbur. As an example. the 
mean gall-index for the 11 rows of Wilbur in 1 plant- 
ing was 2.39, and the gall-index for the single row of 
Westan in that planting was 1.56. The relative 


sus- 


ceptibilitty score of Westan was calculated as 100 
(1.56/2.39) = 65. It will be noted that the lowest 
relative-susceptibility score possible under this sys- 


tem is 20 since the lowest gall-index is 1 and the 
highest 5. 

Tt is possible that differences in level of infection 
among different plantings affect relative-susceptibility 
scores calculated in this manner. Bias resulting from 
this cause could be detected by a significant negative 
correlation Wilbur 
and the relative susceptibility scores for strains com 
pared repeatedly with Wlbur. The variety Westan was 
grown in 18 different which the gall- 
index for Wilbur varied from 1.62 to 4.69. The relative 
Westan in these 


The non-significant correlation 


between the mean gall-index for 


plantings. in 
susceptibility scores for plantings 
varied from 39 to 74. 
coefficient of —0.34 indicates that underestimation of 
resistance in plantings where the level of infection 
was low was not a serious source of error. A similar 
comparison for strain L76 gave the non-significant 
correlation coefficient of —0.13. In order to minimize 
bias from this cause, all plantings where the gall-index 
of Wilbur was 2.00 or lower were discarded. 


During the course of this investigation, a total of 


380 lima bean varieties or strains were tested. These 
380 items fell into 3 categories: commercial varieties. 
accessions, and introductions. The accessions tested 


were unselected with respect to nematode resistance 
because they are maintained for various reasons other 
than resistance to root-knot. Testing in the introduc- 
tion restricted to 261 strains 
which had been screened 1 or more seasons in nema- 
tode-infested fields prior to 1941 by the late W. W. 
Mackie, and in 1946, 1947, or 1948 by the author. 


Hence the introductions tested comprise a selected 


series, however, was 
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TasBLeE 1.—Mean relative-susceptibility scores of lima bean 
varieties tested against root-knot nematode in the 
greenhouse. The lowest score possible is 20 


Relative 
Number of susceptibility 

Variety rows score 

Wilbur 392 100 
Westan 18 57 
Fordhook 12 80 
Ventura 12 70 
Henderson 10 99 
Green Seeded Henderson 12 103 
Triumph 2 111 
Evergreen 5 94 
Hopi 5989 13 64 
Giant Calico 3 103 
Oklahoma N13-3 10 73 
2-5 10 75 


Oklahoma N12- 


group in which a preponderance of resistant types 
might be expected. 
CORRELATION BETWEEN FIELD 
ACTIONS OF COMMERCIAL VARIETIES. 
to be tested by the greenhouse method were ones 


AND GREENHOUSE RE- 
The first varieties 


whose reaction to nematodes in the field had been well 
established from observation in commercial fields or in 
experimental trials in the field. The results are in 
able 1. 

Westan and Hopi 5989, generally recognized to be 
highly resistant under field conditions, had the lowest 
relative-susceptibility scores of the group. Two selec- 
tions supposedly deriving their resistance from Hopi 
5989, Okla. N12-5 and Okla. N13-3, have been slightly 
resistant under California field than 
Hopi 5989. Their relative-susceptibility scores reflect 
this Green Seeded Henderson and 
Henderson, known to be about equal to Wilbur unde 
field conditions, had relative-susceptibility scores very 
similar to Wilbur. Similarly the other varieties tested 
had with their known 
root-knot under California field conditions. 


conditions 


less 


lesser resistance. 


scores consistent response to 
These re- 
sults inspire considerable confidence in the relative- 
susceptibility score as a measure of probable response 
under field conditions. 

The tests with commercial varieties and results with 
certain unnamed strains provide further information 
on this point. Westan, which received a mean relative- 
susceptibility score of 57 in the greenhouse, has not 
been sufficiently injured under field conditions to show 
above-ground symptoms. In fields very heavily in- 
fested with nematodes, a limited number of small galls 
Production of eggs has not 


form on its roots. 


been 
observed on the variety under field conditions. L76, 
which received a mean relative-susceptibility score of 
58 in the greenhouse, has not been observed to form 
galls under field conditions, although it has been tested 
in more than 15 locations in California. Comparison 
of the field and greenhouse reaction of several other 
strains further establishes the greater severity of nema- 
tode injury in the greenhouse. It was concluded that 
strains with a relative-susceptibility score of 50 or 
lower will almost certainly be highly resistant under 


1954 | 


TaBLe 2._-Relative-susceptibility scores of lima bean strains 
of the California Agricultural Experiment Station ac- 
cession and introduction series, arranged in frequency 
distributions. The lowest score possible is 20 


Relative 


susceptibility Accession Introduction 
score series series 
20-29 0 21 
30-39 0 8 
40-49 ] 25 
50-59 ] 35 
60-69 7 62 
70-79 12 68 
80-89 27 14 
90-99 22 1] 
100-109 27 9 
110-119 8 2 
120-129 2 3 
130-160 0 3 
Total 261 


107 


field conditions, and that strains with a score of 50 to 
75 have sufficient resistance to prevent severe damage 
in the field. 

REACTION OF STRAINS OF THE ACCESSION AND INTRO- 
DUCTION SERIES.—In Table 2 the reactions of the vari- 
eties and strains of the California Agricultural Experi- 
ment Station lima bean accession series are summar- 
ized in the form of a frequency distribution. All the 
strains reported were tested in 2 different plantings, 
the relative-susceptibility scores in Table 2 being the 
arithmetic mean of the 2 plantings. It is clear that 
the majority of the varieties and strains in this group 
are equal to or slightly superior to Wilbur in nema- 
tode resistance. About 10 per cent of the group ap- 
pear to possess usable resistance. 

In contrast to the previous group, the strains of the 
introduction series tested were limited to those known 
from field trials to have some measure of resistance 
to nematodes. Comparison of the relative-susceptibility 
scores of these strains with the scores for the unselect- 
ed group reveals that the field trials were partially 
effective in eliminating susceptible types. It is en- 
couraging that 89 of these strains, or more than 14 the 
total, were as resistant as the variety Westan, or more 
so. 

Because selec- 


SELECTION OF PARENTAL 


tion of parental stocks was the primary object of this 


STRAINS. 


investigation, the most promising strains were retested 
in order to determine the ones with the highest type 
of resistance. To permit a more critical separation 
within the resistant group, the scale was modified for 
the retesting program by breaking the 1 classification 
into 0 and 1 groups. In the revised scale, the 1 classi- 
fication included individuals with occasional small 
galls. Plants with no evidence of galling were placed 
in the 0 category. A relative-susceptibility score of 0 
is possible with the revised scale. 

In the retesting program the 91 varieties or strains 
Table 2 which had _ relative-susceptibility 
scores of 59 or lower were grown in each of 2 plant- 


shown in 


Twenty-one of these 91 strains received mean 


os 
ings. 
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scores of 40 or lower in the 2 plantings, and they were 
tested once more in a single planting. The 12 strains 
receiving mean scores of 30 or lower in the 3 plantings 
were selected as the most promising sources of resist- 
ance. The accession numbers assigned these strains, 
their relative-susceptibility scores, and their area of 
origin are in Table 3. 

Discussion.—Experience over a period of more than 
15 years with the commercial baby lima bean varieties 
Hopi 5989 and Westan has demonstrated that genetic 
resistance provides a practical method of control of 
root-knot nematodes. Because neither of these baby 
lima varieties is equal agronomically to Wilbur, a pro- 
gram of recurrent backcrossing has been initiated to 
develop a version of that variety carrying the superior 
nematode resistance of strain L76. Similar programs 
to add the resistance of L76 to Ventura, Concentrated 
Fordhook, and Green Seeded Henderson will provide 
at least 1 nematode-resistant variety within each of the 
major types of lima beans grown in California. 

The fact that the varieties Hopi 5989 and Westan 
have not retrogressed in resistance in the many years 
they have been in commercial production may indicate 
either that they possess resistance to all the races of 
nematodes occurring in California or that shifts in 
races occur slowly in this species. Despite the appar- 
ent stability of the resistance of these 2 varieties, it 
may be anticipated that races which will attack them 
will either be introduced to California or arise from 
recombination or mutation. Similarly, the resistance 
of L76 may not provide a permanent solution to the 
nematode problem. 

For this reason a long-range backcrossing program 
of the type suggested by Briggs and Allard (4) has 
been initiated. The first step in this program was to 
survey the lima bean species for additional sources of 
resistance. On the basis of a greenhouse survey, there 
appears to be no paucity of resistance to root-knot in 
the lima species. The fact that every gradation of re- 
sponse from high resistance to extreme susceptibility 
was found under the fairly standard environmental 
conditions of the greenhouse probably indicates that 


TasLe 3.—Relative-susceptibility scores and place of origin 
of the 12 lima strains most resistant to root-knot nema- 
tode. The lowest score possible is 0 


Relative 


California 

accession susceptibility 

number score Place of origin 
L132 23 Puerto Rico 
L133 7 Unknown 
L134 25 Guatemala 
L135 21 Mexico 
L136 20 Puerto Rico 
L137 12 Puerto Rico 
L138 r Guatemala 
L139 9 Puerto Rico 
L140 19 Nicaragua 
L141 27 Puerto Rico 
L142 27 Puerto Rico 

Unknown 


L143 9 
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many different genes governing nematode resistance 
exist in the species. 

All 12 strains finally selected as suitable parental 
material possess greater resistance than L76. Hence 
they probably carry genes for resistance different from 
or in addition to the resistance genes of L76. Should 
the several varieties deriving their resistance from L76 
succumb to races of nematodes not now extant in Cali- 
fornia, these 12 strains are the most likely sources of 
the necessary additional resistance. Efficient methods 
have been described for incorporating their resistance 
into commercial varieties, which avoid the difficulties 
encountered in breeding systems where one sort of re- 
sistance is substituted for another sort (4). 

Should varieties 
available during the progress of the above program, 
appropriate genes for nematode resistance can be 
added to them by the method of recurrent backcross- 


agronomically superiot become 
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ing. 
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FACTORS AFFECTING THE DEVELOPMENT OF BROWN STEM ROT 
OF SOYBEAN! 


Donald W. Chamberlain and Dean F. 


McAlister * 


SUMMARY 


Brown stem rot progressed more rapidly in plants 
beyond the pod-filling stage than in younger plants 
irrespective of temperature. High day temperature 
(32° C.) had much the same inhibiting effect on 


fungus growth as high constant temperature. The 
rate of water flow in soybean stems was inversely 
related to the degree of browning in the vascular 


system. 





Brown stem rot (Cephalosporium gregatum Alling- 
ton and Chamberlain) of soybean is characterized by 
an internal browning of the 
visible early in July. Histological studies have shown 
this browning to be closely associated with advance 
Field obser- 


which becomes 


stem. 


of the fungus mycelium within the stem. 
vations over a 7-year period have indicated that brown- 
ing usually progresses more rapidly in the stem in 
August than in July. It seems possible that tempera- 
ture and stage of develo) ment of the 
influential in determining rate of myc¢ 

Another important symptom of brown stem rot is 
the rapid withering and browning of the leaves which 
maturity. This 


plant may be 
lial growth. 


becomes evident as the plants approac! 


symptom was abundant only in seasons when a warm, 


dry period in late August or early September followed 


a period of relatively cool weather. Since the fungus 
is largely a vascular parasite, it appeared possible that 
presence of the fungus in the vessels was interfering 
with movement of water through stems to the extent of 

1 Accepted for publication September 21, 1953. 
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Laboratory, Urbana, Illinois, in cooperation with the Illinois 
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sional Soybe an 


producing a damaging water deficit in the leaves. 
Further evidence was the similar reaction of leaves of 
healthy plants when subjected to drought and high 
field or under controlled 


conditions in the greenhouse. 


temperature either in the 

Evidence relative to the effect of temperature and 
age of plant on development of brown stem rot, and 
the effect of brown stem rot infection on water move- 
ment in soybean stems is presented here. 

EFFECTS OF TEMPERATURE AND AGE OF PLANT ON 
DISEASE DEVELOPMENT.—Allington and Chamberlain* 
found that the development of brown stem rot was 
favored by temperatures below 21°C. The tempera- 
tures used in their greenhouse studies were constant 
throughout the test period. 

In the present investigation it seemed advisable to 
study the effect of night-to-day variations in tempera- 
ture, approximating those occurring under summer 
field conditions, on plants of different ages. In a pre- 
liminary experiment, soybean plants in 4 stages of 
development bloom, pod-filling. 
plump-pod) were inoculated and incubated at 18°C. 
constant and at 18°C. night-29°C. day temperatures. 
After 5 weeks all plants were split longitudinally and 
the height of browning in the stem measured. The 
disease progressed more rapidly in plants beyond the 


( pre-bloom, and 


and D. W. Chamberlain. 1948. Brown 


Phytopathology 38: 793-802. 


3 Allington, W. B., 


Stem Rot of Soybean. 
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below and 1 above the branch-bearing nodes, were cut 
70 . from each stem. The lower section, 7 cm. long, in- 
y cluded the second and third nodes; the upper section, 
N 13 cm. long, included the eighth and ninth nodes. The 
\ Rl OLD PLANTS diseased stems were classified as heavily, moderately, 
60L a AS 4 or lightly browned according to the degree of brown- 
YS ing evident in cross-section at the basal end of the 
SY YOUNG PLANTS section. Those showing no browning were termed 
SY healthy. All sections were kept in water until tested. 
: esr as “|. After water flow measurements had been taken, a fur- 
2 \N ther check on the degree of browning was made by 
= N dissecting the section. 

© 40, SY) a Water flow measurements were made by means of 
Zz \ an apparatus’ designed to permit the forcing of dis- 
E SY tilled water through the stem section under air pres- 
Sus tk _| sure of 15 lb. per sq. in. Briefly, it consisted of a 
igs og SY % pipe union, enlarged and tapered at one end to re- 
= \ \ ceive a No. 3 rubber stopper. The opposite end was 
5, \ \ NY) connected to a reservoir fitted with a vent that served 
iw 20 NX \ SY + both as an air inlet and an opening for adding water. 
= N we YQ A series of rubber stoppers were bored with holes of 
xs nl a different diameter to accommodate the varying sizes 
mm RS ay WY of stem sections. The basal end of a section was 
¥ as NY “| inserted into a stopper, which was then forced snugly 
\ NN N into the tapered pipe union. Distilled water was 
0 N NS N P 4 ge sie “ F., and D. ne poe gato 1951. Water 
. i . = e ow through soybean stems infected with brown stem rot. 

“ ay C. “4 = rs C. - J Mm * U.S. Dept. Agr. Plant Dis. Rptr. 35: 318-319. 








Fic. 1. Comparative rates of fungus growth in old and 
young soybean stems at different temperatures. N _ indi- 
cates night and D day temperatures. 














TOL 4 
pod-filling stage irrespective of temperature. How- 
ever, the overlapping of classes during the 5 weeks sol. H= HEAVY BROWNING a 
incubation period made it difficult to differentiate ac- > M=MOD. BROWNING 
curately the effects of 4 stages of plant development. = L=LIGHT BROWNING 

To eliminate this difficulty, the following experi- ° N=NO BROWNING 

ment included plants of only 2 classes, 1 in the bloom 5 Sop 4 
and | in the pod-filling stage. The range of incubation Zz DECIMALS INDICATE 
temperatures was broadened. Accordingly, 10 plants = po pty Racin on 
in each of the above classes were inoculated and in- bi 40 aii, 
cubated, in duplicate, at: 18° night-24°C. day; 18° z T 7 
night-32°C. -day; and 32°C. night and day tempera- z 
tures. The incubation period was limited to 4 weeks. rv 
The height of browning in the stem was measured as in © 30) a 
the previous experiment. < 





High day temperature had much the same inhibit- 
ing effect (Fig. 1) on fungus growth as high constant 20 
temperature. The favorable effect of low tempera- 
ture on growth of the fungus was emphasized in plants 
of both ages. Likewise, the influence of age of plant 





















































was evident at all temperatures. Subsequent tests lO} - 
confirmed these results. 

EFFECT OF BROWN STEM ROT ON WATER FLOW IN SOY- 59 |.54 |.56 |.53 [39 |34 38 |.37 
BEAN STEMS.—An experiment was designed to study 0 H Lj N H | _N 
the effect of the disease on water flow in soybean LOWER STEM UPPER STEM 
stems. Diseased and healthy plants of the Lincoln 
variety were collected on different dates in September Fic. 2. Rate of water flow in diseased and healthy soy- 


and brought into the greenhouse. Two sections, 1 bean stems (var. Lincoln). 
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poured into the reservoir, which was then connected 
to the compressed air line. A period of 30 seconds 
was allowed for any air present in the vascular ele- 
ments to be expelled before water flow measurements 
were taken. Comparisons of stem sections were based 
on the amount of water forced through in 4 minutes. 
The diameter of each 
basal end and the end-area computed. Twenty-nine 
stems of Lincoln were tested in 1950 and 46 in 1951. 
In addition, 29 stems of the variety Hawkeye were in- 
cluded in the 1951 test. 

The combined results of all 
bean stems (Fig. 2) show an inverse relationship be- 
tween the degree of browning in the vascular system 
and the rate of water flow. The data for the variety 
Hawkeye were similar. The mean rate of water flow 
for all diseased and healthy stems, respectively. were: 
32 and 65 ml. for the lower sections; 8 and 17 ml. for 
the upper sections. Whereas the relationship between 
degree of browning and rate of flow was about the 


section was measured at the 


tests on Lincoln soy- 


same for upper and lower stem sections, the reduced 
rate of flow in all upper stem sections was a reflection 
of decreased amounts of vascular elements present and 
the longer sections of stem through which the water 
traveled. 

DIscUSSION AND CONCLUSION. 
physiological age of the soybean plant are important 
factors in governing the progress of the brown stem 


\ir temperature and 


rot fungus in the stem throughout the growing season. 
During July, usually the hottest month in Illinois, high 
daytime temperatures with soybeans in the early- and 
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full-bloom stages of development would be expected 
to retard growth of the fungus in the stem. Converse- 
ly, during August the advancing maturity of the soy- 
bean plants would accelerate growth of the fungus, 
with an additional stimulus provided by cool periods 
Of the 2 factors, tempera- 
However, the 


of several days duration. 
ture appears to be the more influential. 
factor of plant age becomes important under field 
conditions, since August temperatures over most of 
the month rise well above the more favorable range for 
fungus growth. 

The presence of the fungus, or a by-product thereof, 
in the vessels may seriously interfere with water trans- 
port in the stem. In heavily diseased plants the supply 
of water to the leaves may be restricted to about 1% 
of normal. Under such restrictions it is likely that 
during periods of intense transpiration the tissues of 
the leaves most distant from the large veins will be 
desiccated to the point of death. This may explain 
the characteristic leaf symptoms caused by the brown 
stem rot when weather conditions favor 
their development. The premature ripening of the 
plant thus induced is associated with reduced seed- 
size, especially on the upper nodes. Hence it appears 
likely that reduced water flow may also be partially 
responsible for reduction in yield. 


organism 
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NATURAL INFECTIVITY OF LEAFHOPPER VECTORS OF PIERCE’S DISEASE 
VIRUS OF GRAPE IN CALIFORNIA ! 


J. H. Freitag and Norman W. Frazier 


SUMMARY 


Tests were conducted to determine the percentage 
of leafhopper vectors of Pierce’s disease virus of 
grape that were carrying the virus under natural 
conditions in a number of different habitats. In 
these tests particular emphasis was placed on the 3 
economically important vectors; the green sharp- 
shooter, Draeculacephala minerva Ball; the red- 
headed sharpshooter, Carneocephala fulgida Nott.; 
and the blue-green sharpshooter, Hordnia circellata 
(Baker). 

Comparison of the natural infectivity of the green 
and red-headed sharpshooters indicated that the 
green sharpshooters were the most highly infective 
when collected in alfalfa fields. The nymphal stages 
of the green sharpshooter showed a lower percent- 
age of infective individuals than the adults. Leaf- 
hoppers of both species collected in vineyards, irri- 
gated pastures, alfalfa fields, along roadsides, 
ditches, and natural breeding areas such as un- 
cultivated range, meadows, pastures, bogs and river- 
banks were demonstrated to be naturally infective 
with Pierce’s disease virus. 

The green and red-headed sharpshooters were 
found to be naturally infective during every month 
of the year except February when only a few tests 
were conducted. They were most highly infective in 
alfalfa fields during October. The trend of natural 
infectivity during the year in the 5 habitats tested 
seems to indicate a high point of natural infectivity 
in March with a dropping off in April and during 


the summer followed by an increase in the fall and 
reaching its highest peak during October. 

Seasonal infectivity tests indicate that the blue- 
green sharpshooter reaches its highest degree of 
natural infectivity during the fall in vineyards, 
natural breeding areas, and ornamental gardens. 


Tests were conducted to determine what percent- 
age of individual leafhoppers collected in a given 
area were naturally infective. These tests showed 
18.6 per cent of single green sharpshooters, 18.7 per 
cent of red-headed sharpshooters, and 11 per cent 
of the blue-green sharpshooters to be naturally in- 
fective. 

Helochara delta Oman was demonstrated to be 
naturaly infective with Pierce’s disease virus when 
collected in an area remote from cultivated grapes 
and alfalfa at an elevation of 7000 feet in the Sierra 
Nevada Mountains. 


The results suggest that generally Pierce’s dis- 
ease virus occurs naturally wherever the 3 impor- 
tant vectors are found. Eleven of the 15 leafhopper 
vectors of the virus tested for natural infectivity 
were demonstrated to be carrying the virus under 
natural conditions. Naturally infective leafhoppers 
occur in widely different habitats in California such 
as the seashore, the high mountains, the desert, and 
the cultivated valleys; only 3 localities were found 
in a limited number of tests in which no infective 
leafhoppers occurred. 





The large number of plant species susceptible to 
Pierce’s disease virus and on which its numerous leaf- 
hopper vectors may feed and breed provide ample 
opportunity for the vectors to become naturally infec- 
tive. Freitag? experimentally infected 75 species of 
plants belonging to 23 families and also found 36 spe- 
cies belonging to 18 families to be naturally infected 
with the virus. 

Whereas a total of 20 species of leafhoppers have 
been shown to be vectors of Pierce’s disease virus* only 
Draeculacephala minerva Ball, Carneocephala fulgida 
Nott. and Hordnia circellata (Baker) are found com- 
monly in vineyards or alfalfa fields and are considered 
important in the dissemination of the virus to its eco- 
nomic host plants grape and alfalfa. Other species 
may be involved in the maintenance of a natural res- 
ervoir of the virus. 

These 3 important vectors have been found on a 


1 Accepted for publication August 24, 1953. 

* Freitag, J. H., 1951. Host range of the Pierce’s disease 
virus of grapes as determined by insect transmission. Phyto- 
pathology 41: 920-934. 

3 Freitag, J. H., N. W. Frazier, and R. A. Flock. 1952. 
Six new leafhopper vectors of Pierce’s disease virus. Phyto- 
pathology 42: 533-534. 


wide variety of plantst: the green sharpshooter, D. 
minerva, has been collected on more than 130 differ- 
ent species of plants and feeds and breeds mainly on 
grasses; the red-headed sharpshooter, C. fulgida, has 
been found on over 75 species of plants, and also pre- 
fers grasses and certain annual weeds; the blue-green 
sharpshooter, H. circellata, has been collected from 
over 150 species of plants, but unlike the green and 
red-headed sharpshooters it prefers vines, shrubs, and 
trees. 

Numerous unsuccessful attempts have been made to 
rear this group of Tettigellinae leafhoppers in the 
greenhouse in sufficient numbers for experimental work 
on host range and virus-vector relationships. There 
was an acute need for noninfective leafhoppers for ex- 
perimental purposes and since these could not be 
reared in the greenhouse, an attempt was made to lo- 
cate noninfective field populations. Leafhoppers col- 
lected in various habitats and localities were tested for 
natural infectivity and many of the results herein re- 
ported were obtained in this manner. 

Tests were also conducted to determine the impor- 


4 Winkler, A. J. 1949. 
Hilgardia 19: 207-264. 


Pierce’s disease investigations. 
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TABLE 1.—Natural infectivity of Draeculacephala minerva 


[Vol. 44 


(Ball) and Carneocephala fulgida Nott., two sharpshooter 


vectors of Pierce’s disease virus collected in various habitats as determined by infection of grape and alfalfa 


Draeculacephala minerva (Ball) 
Nymphs Adults 
Lots Infective Lots Infective 


Carneocephala fulgida Nott. 
Nymphs Adults 
Lots Infective Lots Infective 
Per Cent 


—__—_- Per Cent — Per Cent — —— Per Cent — -- 

Habitats Lots Tested Infective Lots Tested Infective Lots Tested Infective Lots Tested _Infective 
Vineyards *16/117 13.7 21/146 14.4 3/44 6.8 5/65 7.7 
Irrigated 

pastures 13/98 13.3 13/122 9.8 0/12 0.0 1/2 50.0 
Roadsides 

and ditches 7/64 10.9 14/62 22.6 2/19 10.5 3/11 27.3 
Alfalfa 

fields 2/25 8.0 75/187 10.1 1/5 20.0 
Natural _ breed- 

ing areas” 2/9 22.2 10/7] 14,1] 2/11 18.2 4/28 14.3 
Totals 10/313 12.8 132/588 22.4 7/86 8.1] 14/101 13.8 

“Numerator indicates number of lots infective; denominator indicates number of lots tested. 

»Non-cultivated pastures, ranges, meadows, bogs and riverbottoms. 
tant virus sources for the sharpshooter vectors, the grasses occurring in moist situations in vineyards, al- 


seasons of the year when spread occurred most active- 
ly, and geographic distribution of the virus in Calli- 
fornia. Leafhoppers were collected in various habitats 
and immediately caged in groups or individually on 
healthy grape and alfalfa plants to determine the 
percentage that was carrying the virus. The tests were 
carried on during the 8 years which coincided with 
the peak and early decline of Pierce’s disease in grape 
and alfalfa in the San Joaquin Valley. Knowledge of 
the natural infectivity of the leafhopper vectors was 
considered essential in formulating a logical control 
program. 
Metuops.—The 
sweep net in various localities and habitats including 


were collected by 


leafhoppers 


vineyards, alfalfa fields, irrigated pastures, natural 
breeding areas, ornamental gardens, roadsides and 
ditches. Natural breeding areas include only those 
habitats which have not resulted from man’s activities 
such as non-cultivated pastures, ranges, meadows, bogs 


and riverbottoms. They were aspirated directly to 


small caged grape and alfalfa plants. 
frames cove red 


The cages, con- 


sisting of wooden with cloth, were 


fastened securely to the pots containing the test plants 
by means of a cord. The plants were then transported 
to the greenhouse where the leafhoppers were allowed 
to feed for a period of 1 week. In the majority of the 
tests, 10 insects were used per plant and, although the 
number varied from 1 to 100, rarely were than 20 
insects fed on a single test plant. Following removal 
of the leafhoppers, test plants were held in green- 
houses for periods up to 12 months, for disease read- 


more 


ings. 

EXPERIMENTAL RESULTS. 
nymphs and adults of the green and red-headed sharp- 
shooters collected in different habitats—-The green 
sharpshooter, D. minerva, and the red-headed sharp- 
shooter, C. fulgida, were collected in various habitats 
and fed on grape and alfalfa test plants to compare the 
infectivity of both nymphal and adult stages. The 
green sharpshooter was found commonly on 


Natural infectivity of 


most 


falfa fields, and irrigated pastures. The red-headed 
sharpshooter was encountered most often in drier habi- 
tats on sparse low-growing grasses and weeds on the 
margins of vineyards and alfalfa fields, along road- 
sides and in other breeding areas primarily where 
bermuda grass or salt grass was present. 

The results (Table 1) show that the green sharp- 
shooters from alfalfa fields were more infective than 
from any other habitat and infected 40.1 per cent of 
the test plants on which they fed. The adults of the 
sharpshooter were more infective than the 
nymphs. This might be explained by the fact that the 
nymphs move about less than adults and in most in- 
stances had fed on fewer plants—often only on the 
plant on which they were hatched. The younger age »f 
nymphs as compared to adults would also reduce the 


green 


comparative chances of having fed on infected plants. 
The green sharpshooters do not normally breed on 
alfalfa plants, but rather on the grasses that grow in 
and the alfalfa stand. The nymphs do not 
commonly feed on the alfalfa. The adults, however, 
readily feed on alfalfa and there is considerable move- 
ment of insects between alfalfa plants and grasses. 
Both alfalfa and grasses are hosts of the virus and in- 
fected plants provide a ready source of inoculum to the 
green sharpshooter. Infected alfalfa plants become 
dwarfed and die as a result of infection and thus make 
more space available for development of grasses. These 
grasses provide additional hosts for greater leafhopper 
populations and also serve as virus source plants. If 
the disease is allowed to go unchecked it can thus 
Numerous field obser- 


around 


eliminate an alfalfa planting. 
vations have shown that vineyards located adjacent to 
alfalfa fields are more likely to suffer losses due to 
Pierce’s disease than are other vineyards. This con- 
firms the importance of declining alfalfa fields as a 
hazard to grapes in providing both virus source plants 
and leafhopper populations for virus spread. 

There was considerable difference in the infectivity 
of green and red-headed sharpshooters from various 
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Combined seasonal infectivity of Draeculacephala minerva (Ball) and Carneocephala fulgida Nott., two 


sharpshooter vectors of Pierce’s disease virus collected in different habitats as determined by infection of grape and 


alfalfa plants by lots of usually 10 insects per plant 


Irrigated 


Month Vineyards Pastures 
January ___ *1/18 0/4 
eee 
OS ane 9/31 0/15 
do 0/30 8/84 
May sccttephemeiale waite 3/18 2/10 
June eerie Bae 8/56 0/20 
July Seat eA 14/88 3/19 
ees 4/59 1/10 
September 3/54 3/20 
October ee 1/16 
Novena... 3/25 8/48 
December — = 1/5 

Totals 17, 1006 25/230 


Alfalfa Roadsides Natural Breed- 

Fields and Ditches ing Areas” Totals 
4/9 1/2 . 6/33 
0/10 ‘ a ee 0/10 

16/50 13/26 ‘ 38/122 
1/14 1/26 3/10 13/164 

7/40 9/28 21/96 
8/24 0/2 0/1 16/103 
3/15 2/10 0/10 22/142 
6/25 : 1/30 12/124 
1/12 oe 7/36 
20/30 0/3 1/8 22/57 
20/40 4/31 35/144 
1/5 
78/217 25/121 18/118 193/1086 


“Numerator indicates number of lots infective; denominator indicates number of lots tested. 
” Non-cultivated pastures, ranges, meadows, bogs, and riverbottoms. 


habitats, but results indicate that all 5 habitats (Table 
1) contained sufficient virus sources to be of impor- 
tance in the natural spread of the virus to grape and 
alfalfa. Alfalfa plantings are not normally a favor- 
able habitat for the red-headed sharpshooter except 
during the final stages of a depleted stand which then 
consist predominantly of weeds and grasses, or during 
a short period after germination in a newly planted 
field. 

Seasonal infectivity of the green and red-headed 
5 different habitats.—To 
determine the relation of season to natural infectivity, 


sharpshooter s collected in 


monthly collections were made of the green and red- 
headed sharpshooters in vineyards, irrigated pastures, 
alfalfa fields, roadsides, ditches, and natural breeding 
areas such as non-cultivated pastures, ranges, meadows 
and bogs. 

Results (Table 2) demonstrate that the 2 sharp- 
shooters undoubtedly carry the virus during all sea- 
sons of the year. Only a few tests were conducted 
during December, January, and February owing to the 
difficulty of collecting insects at this time of year. 
With the February collections, no transmissions result- 
ed, but it is likely that if a greater number of insects 
had been tested naturally-infective ones would have 
found. Leafhoppers collected in alfalfa fields 
during October and November infected from 50 to 66.7 
per cent of the test plants and were the most highly 
infective of the collections tested. 


been 


Results also show 
that sharpshooters collected during March along road- 
sides and ditches infected 50 per cent of the plants and 
those collected in alfalfa fields infected 32 per cent, 
indicating that early in the spring a high percentage 
of sharpshooters are transmitting the virus. The month- 
ly infections probably are not significant enough to 
conclude a seasonal trend, but of greater interest is 
the consistently higher percentage of infections ob- 
tained from alfalfa fields. Unfortunately the monthly 
collections from alfalfa were too sporadic and incon- 
sistent to establish a trend. The vineyard figures ap- 


pear to be the most consistent. If an effective reduc- 
tion in the spread of the virus is to be achieved, it 
would appear important to keep the insect population 
low during all seasons of the year and especially dur- 
ing spring and fall. 

Seasonal infectivity of the blue-green sharpshooter. 

The blue-green sharpshooter, Hordnia circellata 
(Baker), is the only insect vector of any economic im- 
portance in the spread of Pierce’s disease virus in the 
northern coastal areas where mainly wine grapes are 
grown. The dry farming methods are unfavorable to 
the development of populations of other vector species. 
Large populations of the blue-green sharpshooter can 
occur on grapes and more than 1000 nymphs have been 
counted on a single vine. The seasonal natural infec- 
tivity tests were made with leafhoppers collected both 
in vineyards and in natural breeding areas located at 
Larkmead in Napa County. The leafhoppers from 
natural breeding areas were taken on brush or in 
thickets on the banks of the Napa River on perennial 
plants such as willow, creeknettle, wild blackberry, 
California mugwort, wild grape, and blue elderberry. 
Other leafhoppers tested were from ornamentals in 
home gardens at Berkeley on such plants as Coprosma, 
{cacia, Hydrangea, and Fuchsia. 

Results of monthly tests (Table 3) indicate that the 
overwintering adults tested in March showed 33.8 per 
cent of the lots to be naturally infective. This was fol- 
lowed by a drop in the percentage of infective lots dur- 
ing April with the advent of the new generation of 
nymphs. The April, May, June, and possibly the July 
tests represented mainly nymphs, and since this sharp- 
shooter does not normally reproduce on diseased 
grapevines these would have had little opportunity to 
acquire virus. The August, September, October, and 
November tests were with adults which move freely 
between vines and feed on infected vines. 

The leafhopper populations reached their highest 
degree of infectivity during the fall; tests of sharp- 
shooters collected on grape in October resulted in 90.9 
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TABLE 3.—Seasonal infectivity of blue-green sharpshooter, H 
termined by infection of grape plants 


Vineyards 


Lots Infective Lots Infective 


- - Per Cent . Pe 

Month Lots Tested Infective Lots Tested In 
January 2/16 
February 
March 2/14 
April 1/50 
May "2/44 15 22/63 
June 2/47 4.2 1/15 
July 0/18 0.0 15/64 
August 2/10 20.0 1/2 
September 9/18 50.0 1/2 
October 10/11 90.9 32/59 
November 19/24 79.2 12/15 
December 

Totals 14/172 25.6 89/300 


* Numerator indicates number of lots infective; denomina 
» Non-cultivated areas, hillsides, meadows, and riverbanks. 


) 


per cent infection of grapes and 79.2 per cent in No- 
vember. This indicates a very high percentage of in- 
fective individuals. The leafhoppers proved to be car- 
rying the virus during every month of the year for 
which tests were These results suggest 
that it would be necessary to protect the grapevines 
from sharpshooters during the entire year, in order to 
prevent losses due to Pierce’s disease virus. There was 
no appreciable difference in the infectivity percentage 
of lots collected in vineyards, natural breeding areas 
or ornamental gardens. 

Natural infectivity of individual green, red-headed 
and blue-green sharpshooters.—In a limited number of 
tests, the natural infectivity of individual sharpshoot- 


conducted. 


ers was determined by feeding a single insect on each 
grape and alfalfa test plant. The sharpshooters were 
collected in areas where grapes showed a high Pierce’s 
disease incidence and under conditions believed to be 
especially favorable for high natural infectivity of the 
vectors. The that among single 
nymphs and adults of the green sharpshooters collected 
in or adjacent to vineyards on grasses 18 of 131 or 
13.7 per cent were infective including 6 nymphs of 62 


results indicate 


tested. Among single nymphs and adults of the red- 
headed sharpshooters collected mainly on grasses in or 
on the margin of vineyards 28 out of 150 or 18.7 per 
cent were infective as were 1] per cent of the over- 
wintering blue-green sharpshooters collected at Lark- 
mead in Napa County on California mugwort Arte- 
mesia vulgaris L. var. heterophylla Jepson. These re- 
sults indicate that single infective nymphs and adults 
of the 3 important vectors are capable of infecting 
alfalfa and grape test plants. 
Natural infectivity of 15 species 
tors collected in various localities 
effort was made to locate virus-free 
1 or more of the 3 important vector 
sources of non-infective leafhoppe 
studies. No such area was located for any one of the 


of leafhopper vec- 
and habitats.—An 
breeding areas of 
species to serve as 
for host 


rs range 


Natural Breeding Areas' 
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ordnia circellata (Baker), collected in various habitats as de- 


Totals 
Lots Infective 


Ornamentals 
Lots Infective 
Per Cent 


or Cent Per Cent 
fective Lots Tested Infective Lots Tested —_Infective 
12.5 3/6 50.0 5/22 Sat 
13.3 23/60 38.3 25/74 33.8 
2.0 0/11 0.0 1/61 1.6 
34.9 0/3 0.0 24/110 21.8 
6.7 3/1] 27.3 6/73 8.2 
23.4 6/40 15.0 21/122 tf 
50.0 12/64 18.7 15/76 19.7 
50.0 4/9 44.4 14/29 13.3 
54.2 12/70 60.0 
80.0 11/35 31.4 12/74 56.8 
29.7 62/239 25.9 195/711 27.3 


tor indicates number of lots tested. 


3 important vectors. In addition 8 other species were 
found to be carrying the virus in nature. 

The virus almost always occurred wherever any spe- 
cies of vector was found. Three exceptions occurred 
Draeculacephala crassicornis Van Duzee, collected at 
Korbel in Humboldt County and at Hobart Mills in 
Nevada County, Helochara delta Oman also collected 
at Korbel, and Draeculacephala noveboracensis (Fitch) 
from Buck’s Lake in Plumas County all proved to be 
noninfective and failed to transmit virus to healthy 
grape and alfalfa test plants. These results suggest 
that Korbel, Hobart Mills and Buck’s Lake areas may 
be free of virus. However, more extensive tests might 
indicate the presence of virus in these localities. 

The virus was found to occur in such widely differ- 
ent habitats as the seashore near Sharp Park, che 
Sierra Nevada mountains in the General Grant Nation- 
al Park, the desert at Palmdale and in the Coachella 
Valley and numerous localities in the San Joaquin 
Valley. The virus was distributed from San Diego 
County in southern California to Sonoma County in 
northern California. The wide variety of habitats and 
host plants of the leafhopper and the wide geographic 
distribution of the virus in the state may be illustrated 
by the examples which follow. 

Collections of the red-headed sharpshooter, C. ful- 
gida Nott. made in Kern, Fresno, Santa Clara, Sonoma 
and Tulare County were found naturally infective. 
These were made from roadsides, vineyards, cotton 
fields, bogs, and riverbanks on such host plants as 
bermuda grass, salt grass, puncture vine, willow seed- 
lings and various other grasses and weeds. 

Specimens of the green sharpshooter, D. minerva 
Ball, collected in Fresno, Kern, San Diego, San Mateo, 
Santa Clara, Tulare and Ventura counties were found 
infective. They were collected in various habitats in- 
cluding vineyards, alfalfa fields, irrigated pastures. 
riverbottoms and bogs, mainly on grasses and weeds. 
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TaBLe 4.-Summary of tests on the natural infectivity of 15 species of leafhopper vectors of Pierce’s disease virus 


Number of 
Leafhoppers 


Vector Species Tested 
Carneocephala julgida 3468 
Carneocephala triguttata 735 
Cuerna occidentalis 7 
Cuerna yuccae 1580 
Draeculacephala_ californica 325 
Draeculacephala_ crassicornis 610 
Draeculacephala minerva 16509 
Draeculacephala noveboracensis 1120 
Friscanus friscanus 864 
Helochara delta 2975 
Homolodisca liturata 110 
Hordnia circellata 18473 
Keonolla confluens 136 
Neokolla severini 216 
Pagaronia spp. 1289 
Draeculacephala minerva and 

Carneocephala fulgida* 6900 
Draeculacephala minerva and 
Helochara delta" 1500 


Per Cent 


Number of Number of 

Lots Lots of Lots 
Tested Infective Infective 

376 55 14.6 

15 1 6.3 

7 2 28.6 

18 3 6.2 

13 ] y Br 

27 0 0.0 

1113 198 17.8 

14 0 0.0 

54 8 14.8 

98 13 13.3 

1] 0 0.0 

784 218 26.5 

4 ] 25.0 

21 0 0.0 

37 1 2.7 

68 6 8.5 

1] 3 27.3 


‘These tests made with mixed populations of species indicated. 


Populations of the blue-green sharpshooters, H. cir- 
cellata Baker, tested from Alameda, Napa, Los An- 
geles and San Diego counties were all found to be 
naturally infective. They were collected from vine- 
yards, ornamental gardens, riverbanks and roadsides 
on such host plants as grape, wormwood, elderberry, 
willow and various ornamental shrubs. 

Collections of Helochara delta Oman made during 
4 different years in the Sierra Nevada Mountains at 
an elevation of 7000 feet in Tulare County on bog 
grasses were demonstrated to be naturally infective 
each year. 

Carneocephala triguta‘'ta Not. and D. californica 
D. & F. collected from the Coachella Valley in River- 
side County on grasses in a date palm grove were 
found infective. 

Cuerna occidentalis Om. & B. collected from Napa 
County on range weeds were infective. 

Cuerna yuccae Om. & B. was found to be naturally 
infective in the Mojave Desert in Los Angeles County 
on Joshua trees which, so far as is known, constitute 


the sole host of this species. 


Friscanus friscanus Ball collected on Lupinus at 
the seashore near Sharp Park in San Mateo County 
were naturally infective. 

Table 4 summarizes the results of all natural infec- 
tivity tests conducted with 15 species of leafhopper 
vectors of Pierce’s disease virus collected in various 
parts of the state. Eleven of the 15 species were found 
to be naturally infective and only 4 species failed to 
infect test plants. The blue-green sharpshooter, Hord- 
nia circellata, was shown to be the most highly infec- 
tive of the 3 important vectors of the virus; it infected 
26.5 per cent of the test plants on which it was fed. 
The green sharpshooter, Draeculacephala minerva, in- 
fected 17.8 per cent and the red-headed sharpshooter, 
Carneocephala fulgida, 14.6 per cent of the test plants. 
A total of 2,701 grape and alfalfa test plants were 
inoculated by lots of leafhoppers and resulted in 510 
infections or 18.9 per cent of the test plants. 
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VALSA LEUCOSTOMOIDES, THE CAUSE OF DECAY AND DISCOLORATION 
IN TAPPED SUGAR MAPLES! 


Thomas Sproston, Jr., 


Decay and discoloration of sapwood resulting from 
tapping sugar maple trees is an old problem. It has 
been known for at least fifty years in Vermont (5), 
and several investigators have observed the difficulty 
in other states, (2, 4, 6, 7, 9). Campbell (1), Lorenz 
(6), and Hepting (3) have reported similar symptoms 
from increment borings in sugar maple. 

The present general practice in tapping is to bore 
a 3.” hole into the tree, gather the running sap, pull 
the spout at the end of the season, and leave the wound 
open to the of Although 
many organisms have been found associated with dis- 


‘. 


invasion microorganisms. 


colorations around these borings, no successful, con- 
sistent isolations have been made or comparable symp- 
toms produced on reinoculation. This paper reports 
the consistent of Valsa Pk. 
(8) from wood above and below old tap-holes and the 
production of typical symptoms of the disease upon 


isolation leucostomoides 


reinoculation of sugar maple. 
Symptoms.—Discolored appeal 
cones in longitudinal section, being slightly 
than the tap-hole. The center of the cone is light 
yellow and this in turn is bordered by deep olive ot 
greenish black streaks. Cross sections of the wood 
reveal the same general pattern of decay and dis- 
coloration (Fig. 1). The decay is hard and dry wi h 
occasionally more punky rot within a few inches from 
the tap-hole. In many cases the discolored areas ex- 
tend toward the center of the tree in finger-like pro- 
jections where several areas coalesce. Examination of 


as truncated 


areas 
wider 


many cut maple butts revealed the discolored areas to 
be so extensive in certain cross sections that all sap- 
wood was discolored. The discolored, dry rot area 
was more pronounced at the convenient tapping height 
of approximately 3 ft. from the ground. 

ISOLATION AND IDENTIFICATION.—A total of 108 sam- 
ples were taken from 17 sugar maples at the Proctor 
Maple Research Farm, Underhill, Vermont. Samples 
were obtained by boring above and below old tap-holes 
and allowing the chips to fall into sterile vials. Bor- 
ings were made in March 1948 before sap flow when 
temperatures were below freezing. 

Wood chips were removed from the vials in the 
laboratory by means of sterile forceps and placed on 
potato-dextrose agar at pH 3.5. Culture plates were 
incubated at 20°C. Species of Penicillium, Aspergil- 
lus, Fusarium, and Rhizopus were isolated from only a 
few samples. Valsa leucostomoides, or its Cytospora 
stage, was isolated from 94 percent of the trees from 
which borings were taken. 


1 Accepted for publication September 3, 1953. 

Vermont Agricultural Experiment Station; Journal Series 
No. 37. 

2 Present address: Dept. of Botany, University of Michi- 
gan, Ann Arbor, Michigan. 
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and W. W. Scott ” 





A cross section view of sugar maple wood show- 


Fic. 1, 
ing old tap-holes, 2 cut in median section, several cut above 
or below former tap-holes. 


ya 


Each organism isolated was at first reinoculated into 
wood sections held in erlenmeyer flasks. The Cyto- 
spora isolate was the only one to show characteristic 
symptoms on maple wood. Twenty living trees were 
then inoculated and allowed to grow for 6 months, at 
which time they were cut and examined for symptoms. 
Inoculations were made by placing an agar block con- 
taining the active mycelium next to the wood inside a 
The hole was plugged by different 
such sterile cotton, corks, and rubber 
stoppers. In all cases typical symptoms were pro- 
duced. Noninoculated tap-holes showed no symptoms 
of the disease. The field trees showed 
typical discolored areas extending 6-8 in. 
the of The fungus was ob- 
tained on reisolation. 

The sexual stage of this Cy’ospora, Valsa leuco- 
stomoides, was located fruiting abundantly on the up- 
August. Valsa 


sterile tap-hole. 


as 


materials 


inoculated 
above and 


below site inoculation. 


per branches of maple in July and 
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TaBLe 1.—Susceptibility of 10 species of forest trees to various isolates of Valsa leucostomoides Pk. 


Host Cl1/1 C2/i C€C3/i cel Coe C6 Ge C8 Vi V2 V3 
Acer saccharum 5" 4 3 1 5 3 0 4 4 4 4 
Acer rubrum ; ori 5 5 3 1 4 5 5 5 3 5 5 
Acer spicatum 5 4 0 1 4 4 0 0 3 3 5 
Acer pennsylvanicum 5 5 4 ] 4 5 5 0 3 0 4 
Fagus grandifolia 5 4 4 ] 4 5 5 5 3 4 5 
Betula alba 2 2 2 l 2 2 2 2 2 2 2 
Populus tremuloides 0 0 0 0 0 0 0 0 0 0 0 
Fraxinus americana : 5 5 0 ] 0 4 5 0 3 0 0 
Prunus virginiana — 0 0 0 0 0 3 ( 0 0 0 0 
Ostrya virginiana ; 0 0 0 0 0 0 0 0 0 4 0 


Cytospora Isolates 


“1. Mycelial growth, no pycnidia; 2. Mycelial growth, pycnidia atypical; 3. Mycelial growth, pycnidia few; 4. Mycelial 


growth, pycnidia intermediate; 5. Mycelial growth, pycnidia numerous; 0. No growth. 


leucostomoides has been found to be widely distrib- 
uted in Vermont. Ascospores were single-spore iso- 
lated, grown on potato dextrose agar and produced the 
Cytospora stage identical with that isolated previously 
from wood. 

Valsa leucostomoides was originally described by 
Peck (1884) who discovered the organism on dead 
branches of sugar maple in the Helderberg Moun- 
tains of New York State. Peck did not report the 
Cytospora stage at the time nor prove the combina- 
tion. It has been impossible so far to develop the 
ascospore stage from the Cytospora stage. 

This species of Valsa has not been found on other 
tree suscepts in nature. However, cross inoculations 
on wood sections, using several isolates of Cytospora 
(Table 1), show that mycelial growth and pycnidial 
formation can occur on other species of Acer and on 
other genera. It is interesting that this particular spe- 
cies does not grow on Populus tremuloides, a tree 
very susceptible to other species of Valsa and Cyto- 
Spora. Only 1 isolate grew on Ostyra virginiana. Four 
species of Acer produced the best growth and produc- 
tion of fruiting structures. 


DISCUSSION AND SUMMARY 


The sugar maple tree population in the state of Ver- 


mont is decreasing year by year. Most of the de- 
crease is due to extensive cutting for lumber. It would 
seem advisable therefore to preserve the remaining 
sugar bushes and the old and still productive trees. 
Now that it is known that old tap-hole scars become 
infected by a fungus, methods should be developed to 
protect wounds made by tapping. It is suggested that 
tap-holes be spray painted at the time the spout or 
spile is pulled at the end of the season, to avoid infec- 
tion. Sugar maple producers should also tap on the 
diagonal or up and down the butts to avoid unpro- 
ductive sapwood. 

Valsa leucostomoides Pk. and the asexual stage 
Cytospora have been found to be the principal cause 
of the decay and discoloration associated with tap- 
ping. This species of Valsa is very common on Ver- 
mont maples and fruits during July and August, pro- 
ducing abundant conidia early in the summer and 
ascospores later. The old disease known as “mineral 
stain” in maple is caused by this same organism. Un- 
der laboratory conditions other species of Acer and 
several other genera can be infected with the Cyto- 
spora stage. 

DEPARTMENT OF BOTANY 


UNIVERSITY OF VERMONT 
BURLINGTON, VERMONT 
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TRANSMISSION OF LEAF AND FLOWER VARIEGATION 
IN CAMELLIAS BY GRAFTING! 


\. G. Plakidas 


SUMMARY 


Leaf and flower variegation in camellias was trans- 
mitted through grafting, indicating that this condi- 
tion is due to an infectious agent, presumably a 
virus, rather than being a genetic character or a 
vegetative mutation as popularly believed. The leaf 
variegation was transmitted from C. japonica to C. 


japonica (16 varieties and 2 seedlings) and to C. 
sasanqua (2 varieties) and by C. sasanqua to both 
C. japonica and C. sasanqua. Only the 1950 and 
1951 grafts have bloomed to date, and in these the 
color breaking of the flowers was transmitted in 9 
separate grafts to 7 different varieties. 





Many camellia varieties with colored (pink or red) 
flowers exist in 2 forms, one with solid-color and the 
other with broken-color blossoms. the 
form with broken-color flowers has been given a new 
variety name (the variegated form of Gloire de Nantes, 


In some cases. 


for example, goes under the varietal name of Fanny 
Bolis) ; in others, the original variety name has been 
“variegated” 


retained with the modifying term ap- 
pended to it (example, Kumasaka Variegated). The 
origin of forms with broken-color flowers has been 
popularly attributed to vegetative mutations (“bud 


sports”). With very rare exceptions, varieties with 
broken-color flowers exhibit also varying degrees of 


E to H). 


transmiited 


chlorosis in the foliage (Fig. 1. 

Milbrath and McWhorter the 
leaf variegation to solid-green varieties and seedlings 
of camellias by grafting, thus demonstrating that this 
condition is infectious and presumably of virus nature. 
Unfortunately, these investigators did not carry their 
studies further in order to determine the effect of the 
virus on the color of the flowers. 


iS. 7) 


More recently, Tourje (14) reported transmission 
of variegation from the variety Chandleri Elegans to 
the variety C. M. Hovey (Colonel Fiery). 

In 1948 the writer (8) advanced the idea that break- 


ing of the color of flowers in camellias was due to 


virus infection rather than to “bud sport” mutations 
as generally believed, and suggested the practical 


utilization of virus infection for breaking the color of 


solid-colored varieties to produce new varieties. This 
idea was based first on the transmission results of 
Milbrath and McWhorter, secondly on analogy with 


color-breaking viruses in other plants. tulips (1, 2, 3, 
4,5), pansies and violas (12). stock (13), and thirdly 
on the observed constant association between chlorotic 
splotching of foliage and color-breaking of flowers in 
camellias. The present study was undertaken to ob- 
tain more specific 
have been published (9, 10, 11). 

Description.—The chlorosis of the foliage occurs 
most commonly as irregular splotches of various sizes. 


information; preliminary reports 


Sometimes the areas are in the form of yellow ring 
spots with green centers (Fig. 1, F). The ring spot 
pattern is so different from the irregular yellow 


splotching that it is suspected that it may be caused 


1 Accepted for publication September 22, 1953. 
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by a different virus or a strain of the same virus. How- 
ever, both the irregular splotching and the ring spots 
often occur together on the same plant or even on the 
same leaf. In the spring, some varieties (High Hat, 
Daikagura, Conflagration, Galilee, Te Deum, and the 
variegated forms of Glen 40 and Kumasaka are out- 
standing examples) show a very severe form of chloro- 
sis on their new growth. Some of their leaves are com- 
pletely etiolated (Fig. 1, A), others have a narrow 
green band along the midrib, usually in its basal por- 
tion (Fig. 1, C), others are chlorotic all over except 
for isolated green islands (Fig. 1, B, D), and others 
show The 
chlorotic growth, particularly the completely or nearly 
completely etiolated leaves, often becomes sun-scalded 


varying degrees of chlorotic splotching. 


and scorched. 


leaves and a less pronounced over-all chlorosis of the 


There is a gradual greening of the 


plant as the season advances, but complete masking 
of symptoms Many white-flowered 
varieties also show chlorotic splotching in their folli- 
age but no change in the color of their flowers. 

The pattern of color breaking in the flowers is simi- 
lar to that of foliage variegation in that it occurs in the 
form of irregular white blotches, in contrast to the 


does not occur. 


pattern of linear bars or stripes in varieties with non- 
infectious, genetic variegation of flowers. 

GRAFTING TECHNIQUE.—The same method of graft- 
ing was used in all the experiments reported here. 
9 


Camellia sasanqua plants (several varieties) with 2 
used rootstock. The 


4 in. above the crotch. 


graftable branches were as 
branches were sawed off about 
and, using the cleft-graft technique, 
variegated plant were inserted into 1 branch and 
from a plant with solid-green leaves and solid-colored 
flowers into the other (Fig. 2, A). A wide-mouthed 
glass jar was inverted over the grafts to maintain high 
humidity and a bushel basket was inverted over the 
The grafts were ex- 


2 scions from a 
9) 


jar to provide partial shade. 
amined periodically and were uncovered as soon as 
the scions had made sufficient growth to indicate a 
successful union. It was reasoned that if the variegated 
scion contained a virus. it would travel through the 
rootstock and reach the solid green scion, which, in 
time, would show symptoms. It was also expected 
that this grafting technique would yield results rather 
quickly because grafts on large, well-rooted stocks 
make rapid growth and usually bloom the second sea- 
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Fic. 1. Patterns of leaf variegation. Upper row shows severe chlorosis occurring on the spring growth of some varieties. 
A) Completely etiolated leaf. B) Completely chlorotic leaf except for small green patch on left upper margin. C) Chlo- 
rotic leaf with narrow band of green along lower half of midrib. D) Chlorotic leaf with irregular green islands. Lower 
row shows the most common chlorotic patterns occurring on mature leaves. Note yellow ring-spot pattern in F. 


son. Healthy scions were taken from old plants on 
their own roots which had been under observation for 
several years and were free from both leaf mottling 
and flower breaking. 

Experimental results——In the experiments of 1950- 
1951 involving 18 graft combinations, transmission of 
leaf variegation and of color-breaking of the flowers 
was obtained in each year. In the following graft 
combinations, leaf mottling and flower breaking were 
transmiited after 5-16 months: 

Mathotiana solid Mathotiana Variant varie- 
gated: 
Rev. John Bennett solid Mathotiana Variant 
variegated; 
Lady Clare solid Lady Clare variegated; 
Adolphe Audusson solid & Adolphe Audusson 
variegated (2 grafts) ; 
Gloire de Nantes solid 

(2 grafts) ; 

Imperator solid 


Kumasaka solid 


Fanny Bolis variegated 


Ville de Nantes variegated; 
Kumasaka variegated. 


In these combinations, it is evident that both leaf 
variegation and color-breaking of the flowers are 
caused by a transmissible agent, presumably a virus, 
and not of genetic nature as popularly supposed. 
When related varieties were cross grafted the result- 
ing broken flowers of the originally solid-color variety 
were identical with those of the variegated variety 
(Fig. 2B, a, b, c). On the other hand, when varieties 
with different flower forms were cross grafted, the 
flower retained its original form although color-break- 
ing was transmitted, indicating that the color-breaking 
virus does not cause a change in flower form. 

In 2 other graft combinations, Lady Clare solid 

Lady Clare variegated, the variegated scion failed 
to take and neither variegation nor flower breaking 
was transmitted. 

In 2 cases (Glen 40 solid * Glen 40 variegated and 
Kumaszka solid Kumasaka variegated), variegation 
was transmi:ted to the Sasanqua suckers even though 
the variegated scion failed to grow: in the latter case 
variegation was also transmitted to the Kumasaka 
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Fic. 2. A) Illustration of grafting technique used. B) “Breaking” of Adolphe Audusson flower. (a) Flower of plant 
from which variegated scion was taken, (b) flower of plant from which solid scion was taken, and (c) resulting “break” 


of the solid scion flower transmitted through grafting. 


solid scion which grew but on which flowers did not 
break in 1953. It is probable that some cells of the 
variegated scion made organic union with the stock. 
which was sufficient to transmit the virus but not to 
support growth of the scion. Attempts to transmit the 
virus by juice inoculation using carborundum as an 
abrasive have been uniformly unsuccessful. 

There were 2 failures to transmit flower break de- 
spite the transmission in both cases of leaf mottling 
(Imperator solid * Ville de Nantes variegated and 
Glen 40 solid * Glen 40 variegated). This is tenta- 
tively expleined on the basis that the virus was not 
evenly distributed throughout the plants, as is the case 
in certain other virus diseases of woody plants, and 
had not reached the flower buds at time of blossom- 
ing. In some instances in which both variegation and 
flower-breaking were transmitted, both solid color 
and broken flowers occurred on the same plants. which 
is again interpreted as being due to unequal distri- 
bution of virus. Check grafts. solid scions alone on 
both branches of the rootstock. produced solid-green 
growth and solid-color flowers. 

In 1952, grafts were made using scions from 15 
solid-colored and 20 variegated varieties of C. japonica 
and C. sasanqua in various combinations. The “take” 
in this experiment was poor; many scions either failed 
to take, or made a weak growth and later died. Fur- 
thermore, when the plants in 1 group of grafts were 
uncovered, prematurely exposing the tender growth to 
the hot sun, several grafts died. Nevertheless. a large 


number survived, and every case in which the varie- 
gated scion took (regardless of whether it grew or 
made an incipient growth and then died), transmis- 
sion of leaf mottling to the solid-green scion or to the 
rootstock suckers or to both was effected. These grafts 
have not bloomed as yet, so information on flower 
breaking has not been obtained. The results are sum- 
marized as follows: 

Scions from the solid-colored varieties Mathotiana 
(2 plants), Rev. John Bennett, and Rose Dawn were 
grafted on both branches of the rootstock. Grafts took 
and are growing well. Foliage remains solid-green. 

Scions of the solid-colored varieties, Rev. John Ben- 
nett, Woodville Red, Bessie McArthur, and Adolphe 
Audusson were grafted on both branches of the root- 
stock; scions did not grow; sucker growth of root- 
stock remained solid-green. 

In the graft combinations Debutante solid & Debu- 
tante variegated (2 plants), Debutante solid * Matho- 
tiana Variant variegated, Mathotiana solid  Fin- 
landia variegated, Bessie McArthur solid * Crusader 
variegated, Mathotiana solid * Hinode-gumo variegat- 
ed, Rev. John Bennett solid * Shishi Gashira varie- 
gated, Lady Vansittart solid & Hiodoshi variegated 
(2 grafts), and Prof. C. S. Sargent solid * Martha 
Brice variegated, both solid and variegated scions 
took and are growing well. Leaf mottling was trans- 
mitted from the variegated to the solid scion in every 
case. 


In the 13 graft combinations Imperator solid & Im- 
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perator variegated, Folki solid & Marchioness of Ex- 
eter variegated, Jarvis Red solid * Jarvis Red varie- 
gated, Black Dragon solid Nagasaki variegated, 
Debutante solid & Kumasaka variegated, Rose Dawn 
solid X Martha Brice variegated, Rev. John Bennett 
solid X Super Rosea variegated, Black Dragon solid 
x Nagasaki variegated, Mathotiana solid & Rose 
Dawn variegated, Mrs. Chas Cobb solid Finlandia 
variegated, Bessie McArthur solid Crusader varie- 
gated. Rose Dawn solid *& Super Rosea variegated, 
Prof. C. S. Sargent solid & Super Rosea variegated, 
the variegated scions made partial union, as shown by 
bud swelling or weak growth, then died. Leaf mottling 
was transmitted to the green scion (if it survived), to 
the rootstock suckers, or to both. 

In the 11 graft combinations Imperator solid * Im- 
perator variegated, Black Dragon solid Nagasaki 
variegated, Woodville Red solid * Mathotiana Vari- 
ant variegated (3 plants), Mrs. Chas. Cobb solid 
Mathotiana Variant variegated (2 plants), Mathotiana 


solid * Mathotiana Variant variegated, Blood of China 
solid & Eugene Lize variegated, Adolphe Audusson 
solid * King Lear variegated, Mathotiana solid 

Harru Asugai variegated, the variegated scions did 
not take (no swollen buds, no incipient growth). 


There was no transmission of mottle either to the 
solid scion (if it survived) or to the rootstock. 

Evidence of transmission of the virus (yellow 
splotching of the foliage of the green scion) appeared 
earlier in this experiment than in the previous ones. 
In 3 graft combinations (Prof. C. S. Sargent solid >» 
Super Rosea variegated, Prof. C. S. Sargent solid X 
Martha Brice variegated, and Lady Vansittart solid > 
Hoidoshi variegated) symptoms appeared within 31% 
months; in most of the others in 6-7 months, and in 
a few not until the second season, 14-16 months after 
grafting. 

Two phases of this experiment deserve emphasis. 
The first is the transmission of leaf mottle from varie- 
gated varieties of C. sasanqua (Hinode-gumo, Hiodo- 
shi, Shishi Gashira, and Super Rosea) to solid-green 
scions of C. japonica and C. sasanqua rootstock. This 
shows that apparently the same virus affects both spe- 
cies of Camellia. These particular sasanqua varieties 
were selected because they exhibited both leaf varie- 
gation and flower breaking. As far as the writer 
knows, this is the first demonstration of infectious 
variegation in C. sasanqua. The second point to be 
stressed is the repeated transmission of leaf variegation 
from the variegated C. japonica scions to the C. sasan- 
qua rootstock even when the variegated scion made a 
partial union but failed to survive. This constitutes the 
most common method of virus spread in commercial 
practice. C. sasanqua is the most widely used root- 
stock in nurseries. Thus when a variegated variety is 
grafted on a rootstock and the scion makes a partial 
union, the rootstock will become infected and all sub- 
sequent propagation by cuttings from this plant will 
carry the virus. 

In February 1953, 66 additional grafts were made 
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using 19 different solid-colored varieties of C. japonica, 
19 variegated varieties of C. japonica and 2 of C. sas- 
anqua. This was a very favorable season for grafts; 
most of them made union and as of August 1953 are 
growing well. This experiment is expected to yield 
information on some phases not previously covered 
because it included: (a) several new solid-colored 
seedlings, (b) some white-flowered varieties with vari- 
egated foliage, (c) a variety (Lallarook) which has 
broken flowers but solid-green foliage, and (d) such 
varieties as Prince Eugene Napoleon, Te Deum, and 
Blood of China (Victor Emmanuel) with foliage bril- 
liantly variegated but with flowers either completely 
solid-colored or with only a trace of variegation. 

Of a total of 35 graft combinations transmission of 
leaf variegation has so far been observed in 15 (Table 
1). 


TABLE 1.—Graft combinations in which leaf variegation was 
transmitted in the 1953 grafting tests 


Variegated scion Solid-colored scion 
Blood of China 
Sarah Frost 
Finlandia 
Nagasaki 

Blood of China 
Sarah Frost 


Prof. C. S. Sargent 
Jarvis Red 

Rose Dawn 
Empress of Russia 
Imperator 
Imperator 


Nagasaki Empress of Russia 
Shishi Gashira Adolphe Audusson 
Monarch Sawada Seedling 


Hanchey Seedling 
Mathotiana 
Prof. C. S. Sargent 
Sarah Frost 
Jarvis Red 
Mathotiana 


Shishi Gashira 
Lallarook 

Prince Eugene Napoleon 
Sarah Frost 

Mathotiana Variant 
White Queen 


Symptoms were observed 10 weeks after the grafts 
were made on the first 4, after 16 weeks for the next 5, 
and after 24 weeks for the rest. Leaf variegation was 
transmitted from the white-flowered variety White 
Queen, which, like many other white-flowered varieties, 
has prominent yellow splotching in its foliage but no 
change in the white color of its flowers. Also, trans- 
mission of leaf variegation was obtained from such 
varieties as Prince Eugene Napoleon, Te Deum, and 
Blood of China with foliage brilliantly variegated but 
with flowers either completely solid-colored or with 
only a trace of variegation, and conversely, from the 
variety Lallarook which has broken flowers but solid- 
green foliage. It is thus evident that varieties respond 
differently to virus infection, some exhibiting only leaf 
symptoms, some only flower symptoms, and others 
both. This leads to the speculation that varieties may 
be found harboring the virus without exhibiting either 
leaf or flower symptoms (masked carriers) and some 
may be found that are immune. 

Discussion.—The experimental evidence presented 
here shows that infectious variegation, readily trans- 
mitted by grafting, occurs widely in a large number of 
varieties of C. japonica and C. sasanqua. Mottling of 
the foliage has been transmitted to date to 16 solid 
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green varieties and 2 seedlings of C. japonica and 2. La Peppermint, Elizabeth, Vashti, Bella Romana, etc., 
of C. sasanqua. Although most of the grafts have not the variegation is probably a genetic character. How- 
as yet bloomed, those that have bloomed have shown — ever, in these and other similar varieties the break in 
that the breaking of the color of the flowers is also the flower color occurs in patterns of bars or stripes 
transmissible. It has been transmitted to 7 solid- and not in irregular white blotches. Furthermore, 
colored varieties, and when the break occurred, the where these varieties are growing on their own roots 
flowers of the originally solid-colored variety became and have not been contaminated by grafting, their 


identical with the flowers of the variegated form, the foliage shows no trace of mottling. On the basis of 
putative “bud sport” of this variety. These results dis- this study, it is considered safe to predict that all 
prove the belief that forms with variegated flowers colored varieties exhibiting irregular splotching of 


have originated as bud mutations from solid-colored foliage and irregular white splotches on the petals, 
varieties. The idea has often been expressed that leaf and probably also all white-flowered varieties with 
and flower variegation in camellias cannot be due to yellow splotching of the foliage, will be found to be 


virus infection because viruses, in general, cause dis- virus infected. 

ease, and in camellias there is no apparent deleterious No search has been made for possible insect vectors 
effect on the physical condition of the plant. The as- of the virus. If there is an insect vector, it is probably 
sumption that the variegation is harmless is not entire- very inefhicient because there is no indication of spread 
ly correct. In addition to being more subject to sun- hy means other than grafting. Solid-colored varieties 
burn, variegated plants, particularly those with ex- growing close to variegated ones remain unaffected. 


tensive chlorosis like Kumasaka, show noticeably 
smaller, weaker growth than their solid-green coun- 
terparts. Another weakness manifested by the varie- 


The demonstration that the sasanquas are easily in- 
fected and that the virus can pass from rootstock to 
harce-pages roe . scion is of practical importance. Sasanquas are the 
gated varieties is the larger pr rcentage of failures of | jnost common commercial rootstock, and unless care is 
variegated scions In comparison with the green ones. exercised by nurserymen to propagate their rootstock 
from plants not contaminated by the virus, it will be 
dificult to maintain the purity of the solid-colored 


varieties of camellias. 


In these experiments, in which conditions were as 
nearly identical as could be made, i.e., both the solid 
and the variegated scions were grafted on opposite 
branches of the same rootstock, of a total of 142 scions 


that failed to grow, 92 were variegated. DePARTMENT OF Botany, BACTERIOLOGY. AND 
It is not claimed that mutations, “bud sports,” do PLANT PATHOLOGY 

not occur or that all variegations in camellias are due LOUISIANA STATE UNIVERSITY 

to virus infection. In varieties such as Tricolor, Herme, Baton Rouce, LouIsIANa 
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CALCIUM AND POTATO SCAB? 
James G. Horsfall, John P. Hollis ? and H. G. M, Jacobson 


SUMMARY 


It is generally accepted that potato scab is inverse- 
ly proportional to hydrogen ion concentration of the 
soil. Field experiments were conducted in which 
the variables were calcium ion concentration and 
hydrogen ion concentration. The data seem to show 
that scab is related to calcium content of the tuber, 
that calcium content in the tuber is governed by the 
content of replaceable calcium in the soil, which is 
in turn governed by hydrogen ion concentration and 
calcium dosage. We suggest that hydrogen ion oc- 


cupies a shunt along the line of causality as follows: 
Ca salt > replaceable calcium — tuber calcium — scab 


ae 


anion > H-ion 

Since calcium is not known, however, to be direct- 
ly involved in growth processes of cells, it may be 
that calcium acts indirectly, or that it is a con- 
comitant of some element more directly related to 
scab. 





The etiology of potato scab has been a controversial 
subject for many years. For generations farmers ac- 
cepted the theory that scab was caused by unfavor- 
able soil. It was reported by Loudon as early as 1825 
and cited by Lutman and Cunningham (12) that lim- 
ing the land or burning wood on it causes potato scab. 

Thaxter (17) in 1891 stated that potato scab is 
caused by a fungus, Oospora scabies Thaxter. How- 
ever, the fungus theory left unexplained the action of 
lime and wood ashes, which was too pronounced to 
be ignored. Wheeler and Tucker (18) in Rhode Is- 
land accepted the fungus as a prime cause of scab but 
supported the position that lime and wood ashes were 
involved. Certain soils, they contended, act them- 
selves as disinfectants because of their natural acid- 
ity, i.e., acid soils poison the fungus. 

The action of lime and wood ashes on potato scab 
stimulated some of the earliest work on pH in Ameri- 
can agriculture. Gillespie and Hurst (4) rationalized 
the theory of Wheeler and Tucker in terms of pH. 
They held that the master factor in scab is soil acidity. 
If the soil is below pH 5.2, scab will not occur. If 
above, the tubers will become scabby. This introduced 
hydrogen ion as another variable. 

The hydrogen ion theory was rapidly accepted. In 
1939 Cook and Nugent (3) expressed the general feel- 
ing in the conclusion from their experiments, “. . 
calcium itself, has no effect on the development of scab, 
and calcium compounds affect it only to the extent that 
they may change the soil reaction.” In the meantime 
soil science was making progress. The theory of cation 
exchange was developed and with it an understanding 
that individual cations seldom or never act alone. 
They have to be considered in the light of others. 

Almost simultaneously with Cook and Nugent, 
Schroeder and Albrecht (15) reported with equal 


1 Accepted for publication September 22, 1953. 
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emphasis that both potassium and calcium are im- 
portant in the etiology of potato scab. 

With a background of some experience (8) with 
calcium and wood ashes for damping-off, this labora- 
tory in 1944 set out to explore some of the variables. 
What is the relative significance of, and the interac- 
tions between, calcium, potassium, and hydrogen, in 
the etiology of potato scab? The interactions were 
soon discovered to be intense. According to Thaxter 
(17) they “. . . are involved and involve each other 
in a mass of contradictions .. . with a result of nothing 
definite in any case.” 

In this paper we shall attempt to isolate calcium 
ion from hydrogen ion and show that calcium seems to 
exercise a role, independent of hydrogen ion, in the 
etiology of scab. 

Calcium was selected for presentation first because 
it is the most abundant exchange cation in the soil; 
calcium and hydrogen constituting the greater propor- 
tion of the colloidal exchange complex of most soils 
of humid regions. Since it was desired to study the in- 
fluence of calcium alone it was necessary to keep levels 
of other cations, including potassium, as constant as 
possible. 

Osjectives.—The problem of distinguishing the ef- 
fects of calcium ion from those of hydrogen ion is an 
exaggerated case of the usual problem of science—to 
separate concomitance from causality. Potato farmers 
long ago established, to their satisfaction, the causal- 
ity of lime; add lime, increase scab. 

Researchers have attempted to fill in the gap be- 
tween the 2 extremes of that sequence. They have de- 
rived a group of facts as follows: Oospora (now called 
Streptomyces) scabies causes scab. Lime causes scab. 
Acidity reduces scab. Acidity discourages growth of 
Streptomyces scabies. Lime reduces acidity. 

The researcher arranges these facts into a much 
longer chain than the farmer does. Lime reduces soil 
acidity — the fungus is encouraged to grow hetier + 
when it grows better, it penetrates the tuber more 
often — when it penetrates more often, it produces 
more potato scab. 

This conclusion has prevailed since Wheeler and 
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TABLE 1.—Related variables in potato scab experiment, 3rd sampling 


Calcium Replaceable 

Calcium dosage calcium 

Plot No. salt lbs/A in soil * 
] CaSO, 15 40.58 
2 CaSO, 5 23 15 
3 CaSO, 135 24.08 
4 CaSO, 105 33.26 
5 CaSO, 1215 57.84 
6 CaCO, 15 35.14 
7 CaCO 5 34.09 
8 CaCO; 135 38.35 
9 CaCO, 105 51.09 
0 73.65 


| jd 


CaCO 1215 


*“m.e. per 1000 gm. water-free soil. 
»m.e. per 1000 ml. * 104. 
*m.e. per 1000 gm. of water-free tuber 


tissue. 


Tucker (18). It fails to account for the facts, how- 
ever, that scab frequently occurs in soils so acid that 
the fungus should be seriously curtailed, and that 
scab frequently fails to occur in alkaline soils where 
the fungus should be quite active. 

This conclusion also ignores an elementary fact of 
plant physiology. Lime increases the calcium ion con- 
centration of the soil. As calcium ion concentration in 
the soil increases, calcium in the plant increases. 

The questions we attempt to answer here are: How 
are these facts on calcium ion concentration related 
to the causation of scab? Does calcium influence the 
virulence of the fungus in the soil or the susceptibility 
of the host? 

EXPERIMENTAL METHODS.—The experimental design 
depended upon several points: 1) a wide dosage range 
of calcium carbonate to decrease acidity, 2) a wide 
dosage range of calcium sulfate to increase acidity, 3) 
analysis of tubers for calcium, 4) analysis of the soil 
for replaceable calcium and hydrogen ion concentra- 
tion (acidity). 

The experiment was conducted in 1949. The field 
plots comprised 4 replicate blocks, each containing 10 
treatments laid out on Cheshire loam soil at the Mount 
Carmel Experimental Farm. The field had not been 
cropped for several years and was covered by a grass- 
forb mixture. Fertilizer in the form of barnyard ma- 
nure at the rate of 20 tons per acre to encourage scab 
and 5-10-10 nitrogen, phosphorus, and potassium ratio 
equivalent to 15.6 tons per acre of barnyard manure 
were incorporated into the soil. The commercial fer- 
tilizer contained no calcium. Nitrogen and phosphorus 
were applied as ammonium phosphate. Potassium was 
applied as potassium chloride. 

Five dosages each of CaSO, and CaCO, were em- 
ployed with calcium levels ranging from 15 to 1215 
lb. per acre, each dose a multiple of 3 times the pre- 
ceding dose. The calcium treatments were broadcast 
on the 15 X 20 ft. plots 1 week before planting and 
worked into the soil. 

The first week in May, scabby Irish Cobbler potato 
seed pieces (Maine Blue Tag) and Early Jersey Wake- 
field cabbage seed were planted in alternate rows 3 ft. 


Hydrogen ion 


concentration Scab on tuber, Calcium 

in soil ” mean grade in tuber ° 
30.4 3.014 2.14 
97.4 1.729 1.63 
109.8 2.198 1.57 
103.2 2.285 1.78 
246.8 2.394 2.35 
63.7 2.129 1.74 
75.4 2.206 1.85 
49.7 2.443 257 
21.2 2.566 2.14 
ie § 3.545 2.92 


apart. Each plot contained 2 buffer and 4 treatment 
rows of alternating potatoes and cabbage. Data on 
cabbage club root will be treated elsewhere. 

Soil and tuber samples were collected at the follow- 
ing periods after planting; first sampling—70 days, 
second sampling—86 days, third sampling—105 days. 
Potatoes were dug by hand in blocks of 10 plants at 
each sampling period. The potato yields were record- 
ed in grams. The tubers were graded by replicates 
for common scab using the method developed by 
Horsfall and Barratt (9). Tubers from the last sam- 
pling were analyzed for total calcium. 

Soil was removed to a depth of 6 in. from the potato 
root region of each plot by means of a small sampling 
tube, meanwhile traversing 10—20 ft. of row. Approxi- 
mately 1 kgm. of moist soil was collected per plot in 
this manner. 

The soil samples were analyzed for moisture, cal- 
cium, and hydrogen ion. Hydrogen ion was measured 
with the glass electrode. Calcium was determined on 
leachates made with the standard procedure using 
ammonium acetate as the extractant at pH 7. The cal- 
cium was precipitated as oxalate and titrated with 
potassium permanganate. Calcium so measured is 
usually referred to as replaceable or exchangeable 
calcium. 

In point of fact the method does not distinguish 
between calcium in the soil solution and calcium at- 
tached to the colloids. In normal soils the amount of 
unattached calcium is negligible and hence the term 
“replaceable calcium” is applicable. In our experi- 
ments, however, calcium was applied at high dosages 
on at least some plots and hence we must bear in 
mind in appraising the data that calcium in 2 forms is 
measured by the method. Presumably, it bears a rela- 
tion to the amount of calcium that the roots can ex- 
tract from the soil. 

The values for both cations were recalculated to 
milli-equivalents; calcium as m.e. per 1000 gm. water- 
free soil and H-ions as m.e. per 1. of solution. Data 
were assembled by sampling periods. (Table 1). 

EXPERIMENTAL RESULTS.—Common scab was heavy 
enough to differentiate the treatments. Depending 
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upon treatment, the scab varied from 5 to 20 per cent 
coverage of tuber surfaces (Horsfall-Barratt Grades 
1.7-3.7, Table 1). More than 100 graphs were plotted 
to determine relatedness of variables in the experi- 
ment. Those that seem germane are presented. In 
general the graphs for different sampling periods are 
in agreement; except where noted, graphs are plotted 
with data from the third sampling. 

THE EVIDENCE FOR CALCIUM.—Before looking at re- 
sults on calcium, let us consider what kinds of infor- 
mation should be meaningful. If calcium influences 
susceptibility of the tuber to scab, then there should 
be a relationship between calcium content of the 
tubers and scab. If calcium exercises a direct influ- 
ence on the virulence of the organism, there should be 
a relationship between “replaceable” calcium in the 
If calcium exercises only an indirect 
poisonous 


soil and scab. 
effect on by neutralizing allegedly 
hydrogen ions, then it should be active only as cal- 


scab 


cium carbonate, not as calcium sulfate. 

The data on the action of calcium appear in Fig. 1, 
2, and 3. Scab is proportional to calcium in the 
tuber (Fig. 1) irrespective of whether it was added 
to the soil as calcium sulfate or as calcium carbonate. 
Likewise, scab is proportional to calcium in the soil 
(Fig. 2) irrespective of the anion to which it is at- 
tached. Calcium in the tuber is proportional to cal- 
ciwn in the soil. (Fig. 3). We can be reasonably sure 
of 2 causal relations. The amount of tuber calcium 
is controlled by the amount of soil calcium and the 
amount of scab is controlled by the amount of calcium. 

We can approach one other causal relation nega- 
tively. The action of calcium does not seem to be due 
to its effect on neutralizing the poisonous hydrogen 
the sulfate-treated 
soil or tubers is as closely related to scab as the cal- 


ions, because calcium content of 
cium content of carbonate-treated soil or tubers. 

We cannot yet distinguish whether the effect of cal- 
cium is on susceptibility of the host or on virulence 
of the pathogen. However, 3 observations supported 
the assumption that the significant effect is that of 
calcium in the tuber. 1) Calcium has not been shown 
to be stimulatory to the fungus in culture. 2) Calcium 
in the tuber is at the end of the calcium chain of 
events. 3) Lutman and Cunningham (12) showed 
that scabby tissue contains more calcium than normal 
tissue. 

Dosage of calcium.—In Fig. 4 and 5, dosage of cal- 
cium from the 2 sources is related to scab and the 
other variables measured. The dosages are plotted on 
a logarithmic scale as is usual for dosage-response 
data. There is evidence of the polymodal effects al- 
ready described by Gries et al. (5, 6), and for the 
interactions alluded to by Thaxter (17). 

In general, increase in calcium dosage was followed 
by increase in replaceable calcium in the soil, cal- 
cium in the tuber, and scab. Thus the results are in 
agreement with the conclusion already reached that 
calcium is related to scab. 

Calcium carbonate followed the usual course (Fig. 
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Fics. 1-3. Fig. 1. Relation between calcium in the tuber 
and scab.—Fig. 2. Relation between calcium in the soil 
and scab.—Fig. 3. Relation between calcium in the soil 
and calcium in the tuber. 


4). In general, replaceable calcium, tuber calcium, 
and scab all increased with dosage. There was the 
usual concomitant fall in hydrogen ion concentration 
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Fics. 4, 5. Fig. 4. Relation between dosage of calcium as 


calcium carbonate and; (a) hydrogen in the soil, (b) soil 
calcium, (c) tuber calcium, (d) scab.—Fig. 5. Relation 
between dosage of calcium as calcium sulfate and: (a) 
hydrogen in the soil, (b) soil calcium, (c) tuber calcium, 


(d) scab. 


with increase in amount of lime. 

The first 2 dosages, however, constitute exceptions 
to the rule because hydrogen ion concentration in- 
creased and replaceable calcium fell. The effects were 
slight, but consistent for the 3 harvests. (Table 1). 
Apparently, at very low dosages calcium carbonate in- 
creased the acidity slightly. This is in accord with the 
following equation: 

CaCO. + He clay = H». CO, + Ca clay 

With further additions of calcium carbonate, the 
clay became saturated with calcium and free calcium 
carbonate was available to raise the pH. The fact 
that replaceable calcium declined with increased hy- 
drogen ion concentration is in accord with the general 
trend as shown in Fig. 8. Presumably, calcium is dis- 
solved less and less readily by the extractant as the 
hydrogen ion concentration increases. 

The curves for calcium sulfate (Fig. 5) are similar 


to those for calcium carbonate, but are greatly exag- 
gerated. The drop in replaceable calcium and rise in 
hydrogen ion concentration between the first 2 doses 
is more significant. This results from 2 qualities of 
calcium sulfate. Its solubility product is 104 times as 
high as calcium carbonate and it is the salt of a strong 
acid. Hence, the cation exchange should be greater— 
more calcium should attach itself to the colloids and 
the resulting acidity should be greater. 

The effect is so strong that calcium is withheld from 
the tuber and this in turn reduces the scab. 

As the dosage of the calcium sulfate was further 
increased, however, the colloids apparently became 
saturated with calcium, and the excess accumulated in 
the soil solution with the result that the values for 
replaceable calcium in the soil showed a rise. This 
produced, in turn, a rise in tuber calcium and, there- 
fore, a rise in scab. In this part of the curve, hydro- 
gen ion concentration also increased and we had the 
case of high scab concomitant with low pH, a phe- 
nomenon encountered not infrequently in the field. 

At this stage one might summarize the chain of 
events for calcium as follows: Calcium salt — re- 
placeable calcium in the soil — calcium in the tuber 
— scab. 

THE EVIDENCE FOR HYDROGEN.—Evidence for hydro- 
gen should be appraised in the same light as that for 
calcium. We have no data to appraise the effect of 
hydrogen ion in the tuber on susceptibility to scab. 
Unfortunately, the pH of the tissue in tubers from the 
various plots was not determined. In general, how- 
ever, pH of plant tissue is little affected by pH of the 
soil. We may tentatively conclude, then, that sus- 
ceptibility of the tissue to scab is not affected by hy- 
drogen ion as it is by calcium ion. In fact no one has 
ever suggested this possibility. 

We do have data on hydrogen ion concentration in 
the soil. In the case of calcium carbonate (Fig. 6) 
scab and hydrogen ion concentration followed the 
classical course. As acidity declined scab increased, 
or lime increased scab. These data appear to fit the 
accepted theory that high acidity poisons the fungus. 

In the case of calcium sulfate (Fig. 7), however, 
scab and hydrogen ion do not follow the classical 
course. Scab does not fall as hydrogen ion concen- 
tration increases. If anything, the reverse is true. As 
hydrogen ion concentration increases, scab increases. 
This is especially noteworthy for the second sampling. 
This is not a strong tendency, however, and it is prob- 
ably safer to assume from these data that hydrogen 
ion concentration is simply not the master factor in 
scab when calcium sulfate is involved. 

Replaceable calcium is related to scab, however, for 
both sources of calcium. 

Replaceable calcium content of the soil is related to 
hydrogen ion concentration (Fig. 8), and that in turn 
is related to scab through tuber calcium. 

Still further back in the chain of cause, however, is 
the fact that hydrogen ion concentration of the experi- 
mental soil was governed by kind and amount of anion 
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of the calcium salt applied. 
Hydrogen ion concentration then occupies a shunt 
along the main line of causality as follows: 


Ca salt > replaceable calcium > tuber calcium > scab 


ca 


anion ~ H-ion 

Discussion. — Some interesting speculations flow 
from the assumption that calcium is more directly re- 
lated to the etiology of scab than hydrogen ion. For 
one thing it helps account for the indifferent success 
of the sulfur treatments first proposed by Halsted 
(7). Halsted thought that sulfur acts as a fungi- 
cide. Actually, it is much more likely that the sulfur 
oxidizes to sulfuric acid which raises the hydrogen ion 
concentration, which in turn reduces replaceable cal- 
cium which reduces tuber calcium and thus the scab. 
If the soil is well buffered or contains sufficient re- 
placeable calcium at low pH values, sulfur is less 
efficient. Leaching also may remove the sulfuric acid 
and reduce its effects. 

The phenomenon of ion antagonism might shed fur- 
ther light on the relation of calcium to scab. Evidence 
for the antagonistic effects of metals on the intake of 
other metals comes from the classical experiments on 
penetration into tissue slices, roots, or even into fun- 
gous spores. 

Metals thus known to antagonize penetration of 
calcium are sodium, potassium, copper, magnesium, 
and zinc. The literature has been dredged for pos- 
sible data on the relation of these metals to scab. Of 
course the data are sparse and somewhat contradic- 
tory. 

Only 3 references on sodium were found. Wheeler 
and Tucker (18) tried sodium chloride in 2 sepa- 
rate years and found that it strikingly reduced scab, 
at least in the presence of barnyard manure. They 
explained their results by saying that the sodium 
chloride probably poisoned the organism. Conner (2) 
claimed that sodium chloride increased scab. His con- 
ditions differed from those of Wheeler and Tucker 
(18); he did not use barnyard manure. Blodgett and 
Cowan (1) found that for equal pH, scab was much 
less on plots with sodium carbonate than on plots 
with calcium carbonate. They suggested that the 
sodium was toxic to the organism. 

Data on potassium are also scarce. Halsted (7) 
said that potassium chloride would reduce scab, 
whereas Thaxter (17) said that it would not. Clearly 
more data are needed to clarify the effects of sodium 
and potassium. Data on tuber calcium might well 
serve to clear up the confusion. 

As early as 1891, Kinney (11) showed that spraying 
potatoes with bordeaux mixture would reduce scab. 
Mader and Blodgett (13) confirmed this and showed 
that tubers on sprayed vines contain more copper 
than those on the non-sprayed. Halsted (7) re- 
ported that copper sulfate treatment of the soil would 
reduce scab, and more recently, KenKnight (10) 
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Fics. 6-8. Fig. 6. Relation between scab and hydrogen 
ion in soil treated with calcium carbonate.—Fig. 7. Rela- 
tion between scab and hydrogen ion in soil treated with 
calcium sulfate—Fig. 8. Relation between hydrogen ion 
in the soil and replaceable calcium. 


showed that a cuprous oxide soil treatment would 
reduce scab somewhat, especially if the pH, i.e., cal- 
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cium content, were not too high. Powdered zine also for cell division, which, of course, is abnormal in the 
reduced scab under similar conditions. scab tumor. Meyer and Anderson (14) suggest that 
caleium is involved in hydration of colloids. In this 
connection, it could possibly be involved in imbibition 
and cell expansion. It seems likely that calcium acts 
indirectly on some mechanism that is involved in scab, 


Only 1 report on magnesium could be found. Tucked 
away in a paper by Terman et al. (16) is a note that 
potatoes on soil treated with magnesium lime showed 
less scab than those treated with high calcium lime. 

In general, then the antagonistic cations seem to re- 
duce scab, as would be expected from the hypothesis 


or that calcium is a concomitant of some element more 
directly related to scab. 


that tuber calcium is related to scab. DEPARTMENT OF PLANT PATHOLOGY 

Having shown evidence that calcium in the tuber THE CONNECTICUT AGRICULTURAL EXPERIMEN1 
is closely related to scab, one finds difficulty in ex- STATION 
plaining it. Calcium is not known to be necessary New Haven, ConNeECTICUT 
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ABSORPTION AND TRANSLOCATION OF STREPTOMYCIN BY BEAN PLANTS 
AND ITS EFFECT ON THE HALO AND COMMON BLIGHT ORGANISMS * 


John W. Mitchell, William J. Zaumeyer and William H. Preston, Jr.* 


SUMMARY 


Streptomycin was detected in juice from leaves of 
bean plants following the application of streptomy- 
cin sulfate to their stems. Filter paper discs im- 
pregnated with juice from the streptomycin sulfate- 
treated plants were placed on Thaxter agar heavily 
seeded with Xanthomonas phaseoli and inhibition 
zones developed around the discs. 

Ten micrograms of mercuric chloride on each 
juice-impregnated disc prevented growth of con- 
taminating organisms without inhibiting growth of 
X. phaseoli in the surrounding agar. 

By using a streptomycin-dependent strain of 
Escherichia coli on agar plates seeded with X. 
phaseoli, it was shown that streptomycin was ab- 
sorbed and translocated by bean plants. 

Measurements of inhibition zones surrounding 
juice-impregnated discs showed that as much as 67 
per cent of the total streptomycin applied to bean 
stems was translocated to the primary leaves as free 
streptomycin during a period of 5 days immediately 
following treatment. 

Streptomycin was rapidly absorbed by bean stems 
and translocated to the primary leaves, measurable 
amounts of the free antibiotic being detected within 
8 hours after treatment. Concentration of the free 
antibiotic was greatest during the third day. Pri- 
mary leaves inoculated with the halo blight organism 
about 10 minutes after the first internodes were 
treated with streytomycin failed to develop visible 
symptoms of halo blight. 


One hundred micrograms of streptomycin sulfate 
applied to the first internodes of bean stems com- 
pletely protected the primary leaves from halo blight 
infection. Lower dosages retarded the appearance 
of the initial symptoms; the degree of symptom re- 
tardation or suppression corresponded with the 
amount of streptomycin applied. 


Streptomycin was translocated from the proximal 
to the terminal portion of the primary leaf, from the 
midrib toward the margin of the leaf, and from the 
first internode to the primary and first trifoliate 
leaves. There was no indication that the antibiotic 
was translocated downward through the stem, 
from primary leaves to the stem and first trifoliate 
leaves, from the terminal to the proximal portion of 
the primary leaf, or from the trifoliate leaves or 
peduncle into the pod. 


Immature pods dipped into an aqueous solution 
containing 0.1 per cent of streptomycin sulfate and 
inoculated 2 weeks later with the halo blight or- 
ganism were only partially protected. 

Dipping bean plants whose primary leaves showed 
initial symptoms of halo blight into 0.05 per cent 
aqueous solution of streptomycin sulfate appreciably 
reduced the severity of the symptoms on the inocu- 
lated leaves and prevented systemic infection of the 
treated plants. Dipping of infected plants 4 and 6 
days after the appearance of symptoms failed to 
control halo blight. 





Earlier experiments * indicated that antibiotics such 
as streptomycin sulfate, streptomycin hydrochloride, 
terramycin hydrochloride, aureomycin hydrochloride, 
and chloromycetin are absorbed by the tissues when 
applied to stems of bean plants and apparently are 
translocated upward into terminal buds and leaves. 
Absorption and translocation of streptomycin sulfate, 
streptomycin hydrochloride, and terramycin hydro- 
chloride were indicated by failure of artificially inocu- 
lated leaves to develop bean blight symptoms following 
localized stem applications of these compounds. Ab- 
sorption and translocation of aureomycin hydrochloride 
and chloromycetin were indicated by growth modifica- 
tions that occurred in the leaves and terminal buds of 
plants following localized stem application of these 
chemicals. 

The use of antibiotics for the control of plant dis- 


1 Accepted for publication September 21, 1953. 

2 Principal Physiologist, Principal Pathologist, and Bio- 
logical Science Aid, respectively, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, U. S. Department of 
Agriculture. 

3 Mitchell, J. W., W. J. Zaumeyer, and W. P. Anderson. 
1952. Translocation of streptomycin in bean plants and its 
effect on bacterial blights. Science 115:114-115. 


eases was recently reviewed by Anderson and Gottlieb.* 

In the experiments reported here, a streptomycin- 
dependent strain of Escherichia coli (Mig.) Cast. & 
Chal. was used to identify the translocated antibiotic 
found in leaves of plants following application of strep- 
tomycin sulfate to their stems. The amount of free 
streptomycin translocated by bean plants was mea- 
sured, and its direction of transport and persistence in 
leaves and pods were determined. 

METHODS AND RESULTS.—Method of detecting anti- 
biotic in plant juice following application of strepto- 
mycin sulfate-——A method was developed for estimat- 
ing the amount of free antibiotic in bean leaves follow- 
ing application of streptomycin sulfate to the stems. 
Equal volumes of expressed juice from the leaves were 
applied to filter paper discs.5 The impregnated discs 
were placed on the surface of Thaxter agar in Petri 


plates freshly seeded with Xanthomonas phaseoli 
(E.F.Sm.) Dowson, the common blight organism, 


which is sensitive to streptomycin sulfate. The growth 


4 Anderson, H. W. and David Gottlieb. 1952. Plant dis- 
ease control with antibiotics. Econ. Bot. 6:294-308. 


> Schleicher and Schuell analytical filter paper discs no. 
740-E. 
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TABLE 1.—Effectiveness of HgCl. in preventing growth of 
contaminating organisms following the impregnation of 
filter paper discs with juice from bean leaves 


Growth of 
contaminating 
organisms 


Growth inhibition of 
Micrograms of XY. phaseoli 
HgCl. per disc (width of ring in mm.) 


50 5 None 
40 ] None 
30 3 None 
20 2 None 
10 0 None 
5 0 Moderate 


of this organism was compared with that of the halo 
blight organism, Pseudomonas phaseolicola (Burk.) 
Dowson, and the former was found to be more useful 
for the following reasons: 1) more rapid growth in 
agar; 2) less variability in growth rate on individual 
agar plates; 3) better defined zones of growth inhibi- 
tion around discs impregnated with streptomycin. 

During incubation, inhibition of bacterial growth, 
evident as a clear ring of agar surrounding each disc, 
indicated that an antibiotic was present in the juice. 
The amount of antibiotic in the unknown sample was 
expressed in terms of the weight of streptomycin sul- 
fate® required to produce circular inhibition zones with 
an average diameter equal to the average of those 
produced by known amounts of streptomycin sulfate 
under similar conditions. Each diameter was measured 
as the distance from the outer edge of the inhibition 
zone through the center to the opposite edge, includ- 
ing the area covered by the paper disc. 

The usefulness of mercuric chloride for preventing 
growth of contaminants on the paper discs following 
their impregnation with juice was determined. Fresh 
aqueous solutions containing various amounts of HgCl, 
were added separately to leaf juice in a ratio of 1 
volume of each solution to 9 of juice. Filter-paper discs 
impregnated with 0.1 ml. of the respective mixtures 
were placed upon the surface of Thaxter agar in Petri 
plates seeded with X. phaseoli. Following incubation 
it was evident that under the existing conditions, 10 
micrograms of HgCl. per disc completely checked 
growth of contaminating organisms without preventing 
growth of the common blight organism on the agar 
adjacent to the discs (Table 1). 

A slightly larger amount of HgCl. was required to 
control contaminating organisms when juice from im- 
mature leaves and stems was used than when that from 
relatively mature ones was used. It was therefore like- 
ly that some of the salt may have combined with pro- 
teins or possibly other constituents in the juice and 
that these constituents occurred in greater amounts in 
juice from immature tissues than in juice from the 
more mature tissues. 

So that plant tissues could be assayed for the pres- 
ence of the antibiotic, fresh samples of leaves, stems, 


6 Streptomycin sulfate used in these experiments was 
supplied by Charles Pfizer and Company, Inc., N. Y. 


roots, or other parts were collected. Part of each sam- 
ple was used to determined moisture content. The 
remainder was washed thoroughly in tap water, 
ground, and the juice expressed by straining the 
ground material through cheesecloth. The juice sam- 
ples were immediately frozen and stored frozen for 
several days prior to analysis. 

In the preparation of standard mixtures containing 
known amounts of purified streptomycin sulfate for 
comparisons with unknown mixtures, approximately 
50 ml. of juice from leaves of untreated plants was 
frozen, and then thawed, centrifuged and decanted. 
\ fresh aqueous solution containing 1 mg. of HgCl. 
per ml. was prepared and added in the ratio of 1 vol- 
ume of salt solution to 9 of juice. This juice-HgCl. 
mixture was used as a diluent. With this diluent juice, 
mixtures containing the same amount of HgCl., (10 
micrograms per 0.1 ml.) and one of the following 
concentrations of streptomycin sulfate were prepared: 
32, 16, 8, 4, 2, 1 and 0 micrograms per 0.1 ml. 

Juice from plants treated with streptomycin sulfate 
was expressed, frozen and later centrifuged. A fresh 
aqueous solution of HgCl, (1 mg. salt per ml.) was 
added to the decantate in the ratio of 1 volume of salt 
solution to 9 of juice. 

Aliquots (0.1 ml. each) of each juice mixture, in- 
cluding those containing known amounts of strepto- 
mycin sulfate, were then pipetted onto filter paper 
discs which were then placed on Thaxter agar media 
seeded with the common blight organism. Duplicate 
plates were heavily seeded with X. phaseoli, and 2 im- 
pregnated discs were placed on the surface of the 
media in each plate. The cultures were incubated for 
about 44 hours at 28°C. Diameters of the bacterial in- 
hibition zones of media surrounding the discs (Fig. 
1) were measured. Amount of free antibiotic in the 
juice was expressed in terms of the weight of strepto- 
mycin sulfate required to make zones of equivalent 
size as previously described. 

Identification of streptomycin in plant tissues. 
Young bean plants of the Pinto variety having primary 
leaves about 2 in. in width and trifoliate ones still 
folded in the terminal buds were selected for size and 
uniformity. Approximately 150 micrograms of strep- 
tomycin sulfate was applied to each of 10 plants by the 
lanolin-Tween 20 paste method previously described.? 
An equal number of plants (controls) were treated 
with the lanolin-Tween 20 mixture alone. A_ thin 
layer of the paste covered the surface of the first inter- 
node of each plant. 

From 3-4 days after application of streptomycin 
sulfate to the stems, juice from the primary leaves was 
used to impregnate filter-paper discs subsequently 
placed on freshly seeded Thaxter agar plates as previ- 
ously described. Clear rings developed during incu- 
bation and the cleared agar was streaked with the 
streptomycin-dependent Escherichia coli,3 MB464, to 

7 See reference 3. 


8 Furnished by Merck and Company, Inc., Rahway, New 
Jersey; originally isolated by W. P. Iverson. 
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Fic. 1. Inhibition zones surrounding paper discs impregna‘ed with leaf juice to which known amounts of streptomycin 
sulfate were added (semicircle, designated in micrograms) and with leaf juice from plants whose stems were treated 


with 150 micrograms of streptomycin sulfate (X). 


contaminants. 


detect the presence of streptomycin. For comparison, 
similar tests in which 1] series included discs impreg- 
nated with leaf juice from untreated plants to which 
streptomycin sulfate had been added at the rate of 8 
micrograms per 0.1 ml. were made simultaneously. In 
the other series, discs were impregnated with juice 
from untreated plants and placed on unseeded Thaxter 
agar in Petri plates. In both the control series, agar 
near the discs was inoculated with the streptomycin- 
dependent organism in the same manner as was used 
for the sample under investigation. 

During a 72-hour period of incubation at 28°C., the 
streptomycin-dependent organism grew on the agar 
that contained the diffusate from juice to which pure 
streptomycin sulfate had been added. It also 
on agar containing the diffusate from juice of plants 


grew 


whose stems had been treated with streptomycin sul- 
fate. 
contained diffusate from the juice of untreated plants. 
This offered that the antibiotic 
translocated in the plants was streptomycin. 


It failed, however, to grow on the agar which 


substantial evidence 
{mount of streptomycin absorbed and translocated. 
As previously described, approximately 150 micro- 
grams of streptomycin sulfate was applied to the first 
After the 
plants had been growing for 5 days in a greenhouse, 


internodes of plants of the Pinto variety. 


primary leaves from those of each group were ground 
and the juice was expressed and frozen. Several days 
later the juice was thawed, centrifuged and assayed 
for streptomycin. Inhibition zones on the seeded agar 
caused by juice from primary leaves of treated plants 
were compared with those caused by known amounts 


Each disc contained 10 micrograms of HgCls to retard growth of 
The agar was seeded with the common bean blight organism. 


of pure streptomycin sulfate dissolved in juice from 
untreated plants. Activity equivalent to 51.5 micro- 
grams of the antibiotic in a free form was detected in 
each leaf, the primary leaves each having absorbed 
on this basis approximately 33 per cent of the anti- 
biotic applied to the stems. The total amount of anti- 
biotic in these leaves was, however, not measured by 
this method. 

In a similar experiment, approximately 150 micro- 
grams of streptomycin sulfate was applied to the first 
internode of each of 10 selected seedlings. Three days 
later. samples of juice from various parts of the plants 
were analyzed. Antibiotic activity was not detected in 
juice from the hypocotyls and roots. Juice from the 
primary leaves (directly above the treated portion of 
stem) contained, however, approximately 35 parts of 
the free antibiotic per million of juice, calculated on 
the basis of the total moisture content of the leaves. In 
this experiment approximately 23 per cent of the anti- 
biotic applied to the stems was detected in a free 
form in the juice of each primary leaf. 

Speed of absorption and translocation of strepto- 
mycin and its persistence in leaves——Approximately 
150 micrograms of streptomycin sulfate was applied 
in the lanolin-Tween 20 paste to the first internode of 
each of 90 seedlings of the Asgrow Black Valentine 
variety. Samples consisting of primary leaves from 15 
plants were collected at intervals during 9 days im- 
mediately following treatment. Juice from these leaves 
was expressed and then stored in a frozen condition. 
Two days after the final juice sample had been frozen, 
all samples were thawed and centrifuged. The amount 
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Fic. 2. Concentration of free streptomycin in juice from 
bean leaves following application of 150 micrograms of 
streptomycin sulfate to the first internodes. Concentration 


{ 


is expressed in terms of diameter of inhibition zones caused 


by placing 0.2 ml. of the juice in metal cylinders on Thaxter 
agar seeded with the common blight organism. 


of free streptomycin in each sample was determined 


by placing about 0.2 ml. of the juice in a sterile cylin 
der (6-mm. inside diameter and 10 mm. in length) 
that had been placed on Thaxter agar in Petri plates 
freshly seeded with the common blight organism. In- 
hibition zones developed during 40 hours of incubation, 
indicating that free streptomycin diffused from the 


samples into the agar. This showed that streptomycin 
was rapidly absorbed by the stems and translocated 
to the primary leaves. A measurable amount of it ac- 
cumulated in the free form within 8 hours after 
treatment. The concentration of antibiotic in the leaves 
increased through the third « 
(Fig. 2). 

Primary leaves of comparable seedlings were inocu- 
lated with the halo blight organism about 10 minutes 
after streptomycin had been applied to their first inter- 


iy and then decreased 


nodes. The leaves to be inoculated were first dusted 
lightly with No. 320 carborundum powder and then 
wiped with a bacterial suspension of the organism. The 
organism had been grown in beef infusion broth for 
48 hours, and immediately before inoculation, the 
broth was diluted with tap water at the rate of 1:10. 
None of the inoculated plants except the untreated 
controls developed visible symptoms of halo blight. 
demonstrating in another way that the antibiotic was 
very rapidly absorbed and translocated. 

Effects of various amounts of streptomycin sulfate 
applied to stems on susceptibility of primary leaves to 
halo blight.—Three selected plants of Asgrow Black 
Valentine bean were treated with each of the follow- 
ing dosage levels of streptomycin sulfate: 6, 12. 25, 50 
and 100 micrograms per plant. One hundredth of a 
ml. of aqueous solution containing the required amount 
of antibiotic and 0.1 per cent Tween 20 was applied 
per plant. The solution was spread evenly over the en- 
tire surface of the first internode. Similar plants were 
treated with equal volumes of the Tween 20 solution 
not containing streptomycin sulfate. Primary leaves 
of all plants were inoculated with the halo blight or- 
ganism 3 days later. 


TaBLe 2.—Effect of various amounts of streptomycin sulfate 
applied to the first internodes of bean plants on the 
development of symptoms caused by the halo blight 
organism on their primary leaves. Plants inoculated 
with the blight organism 3 days after application of 
streptomycin sulfate 


Streptomycin Symptoms on leaves 
applied to stem 


(micrograms) 


6 days after 
inoculation 


3 days after 
inoculation 


0 Moderate Severe 
G* Moderate Severe 
6 Moderate Severe 
12 Slight Severe 
2 None Moderate, largely 


arrested 


50 None Moderate, com- 
pletely arrested 
100 None None 


Treated with Tween 20 solution without antibiotic. 


One hundred micrograms prevented the develop- 
ment of lesions on the primary leaves. On plants treat- 
ed with 50 micrograms, lesions appeared slowly but 
subsequent development of these was completely ar- 
rested. The lower dosages also retarded the early ap- 
pearance of lesions, but after 6 days moderate to severe 
symptoms developed (Table 2). 

{bsorption and translocation of streptomycin fol- 
lowing its application to various plant parts.—The di- 
rection of translocation of streptomycin in leaves was 
studied by placing a band of the paste approximately 
1 em. wide on the upper surface of each of 6 primary 
leaves of Asgrow Black Valentine plants. The band ex- 
tended across each leaf midway between the tip and 
the point of attachment to the petiole, thus dividing 
the leaves into proximal and terminal portions. Three 
days later, the entire upper surface of each leaf, ex- 
cept that under the lanolin, was inoculated with the 
halo blight organism. Many lesions developed on the 
proximal portions of the leaves, while no lesions were 
detected on the terminal portions. This indicated that 
the antibiotic was translocated from the point of ap- 
plication toward the terminal portion of the leaves but 
not in the reverse direction. 

In similar experiments, the proximal half of the 
upper surface of 6 primary leaves was covered with a 
thin layer of the paste containing 1 per cent of strep- 
tomycin sulfate. The terminal halves of others were 
covered in a similar manner. Other leaves covered in 
similar ways with paste that contained no strepto- 
mycin served as controls. After the pastes had been 
in contact with the leaves for 3 days, all the untreated 
areas were inoculated with the halo blight organism. 

Marked symptoms of the disease developed on un- 
treated areas of leaves to which the antibiotic-free 
paste was applied. The untreated proximal portions 
of leaves with terminal portions treated with the anti- 
biotic also developed severe symptoms. The untreated 
terminal portions of leaves which had been treated on 
the proximal portions failed to develop symptoms. This 
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indicated that the compound was translocated mainly 
from the proximal portions toward the tips of the 
leaves and not in the reverse direction. 

One hundred fifty micrograms of streptomycin sul- 
fate in the lanolin-Tween 20 paste was applied to the 
surface of the midrib on the under side of each of 6 
primary leaves. Two days later the entire upper sur- 
face of each leaf was inoculated with the halo blight 
organism. Mild symptoms of the disease developed 
later on 4 of the leaves, but the lesions were confined 
to a narrow marginal area. The remaining leaves 
showed no symptoms. It was concluded that the anti- 
biotic absorbed by the midribs of primary leaves was 
translocated toward their margins but apparently not 
always in sufficient amounts to prevent infection in all 
marginal areas. 

An attempt was made to determine whether strep- 
tomycin was translocated from primary leaves and 
from first internodes through the stems into trifoliate 
leaves in sufficient amounts to suppress development 
of symptoms caused by the halo blight organism. Ap- 
proximately 100 micrograms of the antibiotic was ap- 
plied in the paste carrier as a thin layer to the proxi- 
mal half of primary leaves on each of 6 bean plants. 
The first trifoliate leaves of these plants were about 1 
cm. long. For comparison, approximately 100 micro- 
grams of the compound was applied as a band of 
paste around the first internodes of 6 comparable 
plants. Similar plants in another group were left un- 
treated. Seven days after the antibiotic was applied, 
the primary and first trifoliate leaves of all plants were 
inoculated with the halo blight organism. 

Both primary and first trifoliate leaves of the un- 
treated plants developed marked symptoms of the dis- 
ease. Primary leaves with the proximal portions 
treated failed to develop the symptoms on the corre- 
sponding untreated distal parts but the first trifoliate 
leaves of these plants developed marked symptoms. In 
contrast, first trifoliate leaves of plants which had 
stems treated with streptomycin developed only a few 
lesions near the margins, and the primary leaves de- 
veloped no symptoms. 

It was apparent that, when streptomycin sulfate was 
applied to the first internode, sufficient amounts of it 
were translocated to the primary leaves to suppress 
completely development of lesions and to the first tri- 
foliate leaf to reduce greatly the infection. However, 
when the antibiotic was applied to the proximal por- 
tion of a primary leaf, insufficient amounts of it were 
translocated to the first trifoliate leaf to suppress de- 
velopment of symptoms. In this case, apparently most 
of the antibiotic was translocated to the terminal por- 
tion of the primary leaf and very little or none was 
translocated down the petiole into the stem and up into 
the first trifoliate leaf. 

Absorption and translocation of streptomycin into 
bean pods.—Plants of the Asgrow Black Valentine 
variety were sprayed 3 times at approximately 10-day 
intervals with various amounts of streptomycin sulfate. 
The first spray was applied when the flower buds were 


only a few mm. in length, the second just before the 
flowers opened, and the final one when the pods were 
about 5 cm. long. The flowers and pods were carefully 
protected from the sprays by surrounding each with a 
cellophane bag left open at the lower end. Four dosage 
levels were used: 0, 0.05, 0.1 and 0.15 per cent of 
streptomycin sulfate freshly dissolved in tap water. 
Five plants selected for size and uniformity were used 
for each concentration level. All except 3 or 4 pods 
were removed from each plant prior to the final spray 
application. 

Approximately 1 week after the final spray appli- 
cation the surface of each pod was dusted lightly with 
carborundum and rubbed with a suspension of the 
halo blight organism. All pods developed severe 
symptoms of the disease. Either the antibiotic was not 
translocated into the pods in sufficient amounts to pro- 
tect them from infection, or, if translocated into the 
pods, it had lost its antibiotic properties. 

In a subsequent experiment, the peduncles of 10 
bean pods were covered with the lanolin-Tween 20 
paste containing 1 per cent of streptomycin sulfate. 
The pods were approximately 5 cm. long when the 
paste was applied. After they had reached the size of 
those harvested commercially, the surface of each 
pod was inoculated with the halo blight organism. All 
pods developed severe symptoms of halo blight. This 
indicated that streptomycin was apparently not trans- 
located through the tissues of the peduncle into the 
pod. 

Surface applications of streptomycin sulfate to bean 
pods were then made for the purpose of determining 
whether severity of the symptoms could be reduced 
even when relatively immature pods were treated. 
Ten attached pods approximately 10 cm. long were 
dipped in an aqueous solution containing 0.1 per cent 
streptomycin sulfate and 0.1 per cent Tween 20. Ten 
comparable ones left untreated were designated as con- 
trols. Two weeks after treatment, the surfaces of all 
pods were inoculated with the halo blight organism. 
The streptomycin sulfate failed to prevent develop- 
ment of symptoms but greatly reduced the severity of 
halo blight. A moderate to a large number of lesions 
developed on untreated pods, their size varying from 
3-10 mm. in diameter. A very small to a moderate 
number of lesions developed on treated pods. Diam- 
eters of the lesions on treated pods ranged from 1-4 
mm. These results indicated that when streptomycin 
sulfate was applied to the surface of partially mature 
pods, it retained some antibiotic activity for at least 
Y weeks. 

Suppression of development of halo blight symptoms 
by streptomycin sulfate.— Approximately 100 bean 
seedlings of the Asgrow Black Valentine variety which 
had primary leaves about 2.5 cm. in width and trifolli- 
ate leaves tightly folded in the terminal buds were 
selected. Both primary leaves of each plant were in- 
oculated with the halo blight organism. Two days af- 
ter inoculation, lesions were apparent on the under 
surfaces of most of the leaves. Twenty-eight plants 
bearing leaves with approximately the same number 
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of lesions were selected and divided into 4 groups of 
equal numbers. The first group was left untreated. 
Leaves and stems of those in the second group were 
dipped in a 0.05 per cent aqueous solution of strepto- 
mycin sulfate containing 0.1 per cent Tween 20. 
Plants in the third and fourth groups were treated in 
a similar manner with the streptomycin mixture, but 
the mixture was applied on the fourth and on the 
sixth day, respectively, following inoculation. A fifth 
group of uninoculated and untreated plants were used 
in comparing the rate of growth and development of 
those in the various groups. 

Inoculation of the primary leaves reduced vegeta- 
tive growth of the plants, their height being 57 per 
cent and their leaf area 62 per cent less than those of 
noninoculated ones at the end of 2 weeks. Growth of 


THE SUSCEPTIBILITY OF SEV 
BRUISING AND BAC 


the infected plants was not so greatly inhibited when 
they were dipped in the solution containing strepto- 
mycin sulfate within a day after the blight symptoms 
first appeared. Two weeks following treatment with 
the antibiotic these plants had grown almost as much 
as those disease-free and much more than infected 
ones not treated with the antibiotic. The dip treatment 
prevented systemic infection of the plant. The halo 
blight organism was recovered from the primary leaves 
originally inoculated but not from other leaves. Dip- 
ping leaves and stems of infected plants in the solu- 
tion of streptomycin 4 and 6 days after symptoms 
first appeared did not reduce the injurious effects of 
the disease. 
PLant InpustrY STATION 
BELTSVILLE, MARYLAND 


EN POTATO VARIETIES TO 
rERIAL SOFT ROT 


L. W. Nielsen ! 


SUM™M 


The potato varieties Irish Cobbler, Bliss Triumph, 
White Cloud, Sebago. Essex. Kennebec and Che- 
nango were grown under similar conditions and the 
tubers harvested at weekly intervals over a 4-week 
period. The relative susceptibility of the freshly 
harvested potatoes to bruising and bacterial soft rot 
was compared. Irish Cobbler and Bliss Triumph 
were most susceptible to bruising. Essex. Kennebec, 
Chenango and Sebago comprised a resistant group 
and White Cloud was intermediate. 

Tubers from all varieties were susceptible to bac- 
terial soft rot, but some varieties were more suscep- 
tible than others. Irish Cobbler was probably most 
susceptible with Chenango and White Cloud also 
included in the susceptible group. Essex and Bliss 


ARY 


Triumph were consistently most resistant. Kennebec 
and Sebago were also grouped with the more re- 
sistant varieties on the basis of total infections. 
However, the infected tissue of these varieties soon 
became soft end they were in this respect similar to 
the susceptible varieties. 

{ cool incubation temperature (61°F.) reduced 
the number of bacterial infections of wounds and 
retarded development of the disease. 

Tubers from all varieties were made more sus- 
ceptible to soft rot bacteria when heated to sub- 
lethal temperatures by solar radiation. The 7 varie- 
ties appear to be equally sensitive to the predis- 
posing effects of high temperatures. 





The Irish Cobbler and Bliss Triumph varieties have 
been grown in North Carolina for many years, Irish 
Cobbler most extensively. Its capacity to produce 
good stands of high yielding plants has made it a re- 
liable variety. However, its susceptibility to the major 
diseases of the region, coupled with changes in har- 
vesting and packaging practices, has led to serious eco- 
nomic losses. The burlap sack replaced the wooden 
barrel as the harvesting and shipping container and 
mechanical grading replaced hand grading. These 
practices expedited harvesting and packaging but also 
increased the skinning and bruising of potatoes. 
Bruises serve as inoculation courts for various tuber 
pathogens, and the more recent practice of washing 
has intensified the problem of bacterial soft rot. 


1 Accepted for publication September 21, 1953. 

Contribution from Plant Pathology, North Carolina State 
College, Raleigh, N. C. Published with the approval of the 
Director as Paper No. 485 of the Journal Series. 


In recent years the Sebago variety has gained in 
favor in other southeastern early potato sections and 
many North Carolina growers. have produced this va- 
riety on a trial or commercial basis. The new varieties 
White Cloud, Essex, Kennebec, and Chenango have 
also been test-grown on some farms, and because of 
one varietal character or another have been considered 
as possible substitutes for the Lrish Cobbler. The pur- 
pose of this investigation was to compare the old vari- 
eties Irish Cobbler and Bliss Triumph with these 
newer varieties for susceptibility to mechanical bruis- 
ing and bacterial soft rot. 

LITERATURE REVIEW.—Bruises and cuts are frequent- 
ly the most important defects found in potatoes on ar- 
rival at the terminal market. In a number of studies 
relative to the quality of potatoes sold on retail mar- 
kets, tubers from some varieties were consistently more 
seriously bruised than those from other varieties. 
Schrumpf (8) tabulated and analyzed the data from a 
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portion of the Federal-State inspection certificates is- 
sued on potatoes shipped from Maine from 1942 to 
1944, inclusive. 
having cuts and bruises, 5 varieties were arranged in 


According to the number of potatoes 


the following descending order: Irish Cobbler, Green 
Mountain, Sebago, Chippewa and Katahdin. Harden- 
burg (3) studied samples of potatoes from terminal 
market wholesalers and retailers and found that Green 
Mountain tubers had more bruise defects than tubers 
of Chippewa or Katahdin. In a similar study Bouchard 
and Perry (1) reported that Green Mountain tubers 
had more and bruises at the terminal market 
than tubers of the Katahdin-Chippewa type. They also 
found that the cuts and bruises in Green Mountain 
tubers increased an average of 4.12 per cent between 
arrival at the retail store and later reexamination on 
the retail counter, whereas these defects increased an 
average of 1.61 per cent in tubers of the Katahdin- 
Chippewa type. Terman et al (11) subjected tubers 
of 4 varieties to mechanical injury by tumbling them 
in a barrel. Estimates of injury were made after 30 
days’ storage at 50°F. The descending order of sus- 
ceptibility of the 4 was Mountain, 
Chippewa, Kennebec, and Katahdin. 


cuts 


varieties Green 

Werner and Dutt (12) investigated various factors 
that might influence the cracking and bursting of tub- 
ers if jarred while highly turgid. They found that the 
severity of cracking was partially associated with the 
potato variety. Tubers of Bliss Triumph and Pontiac 
cracked more extensively than those from Red Warba, 
Mesaba and 2 seedlings. 

No potato variety has been found that is immune 
from soft rot bacteria, but the tubers of some varieties 
are resistant. Stapp (10) classified 7 varieties resis- 
tant in a group of 65 and 18 partially resistant to the 
blackleg pathogen, Bacillus phytophthorus. Kotila and 
Coons (5) found that the tubers from 8 varieties dif- 
fered in their resistance to the blackleg pathogen, and 
that those of Bliss Triumph were resistant. Brierley 
(2) used 4 species of soft rot bacteria to inoculate 
groups of tubers from 9 varieties and found the tubers 
from the McCormick variety most resistant to all bac- 
terial species. Tubers of Bliss Triumph and _ Irish 
Cobbler intermediate in their 
but Bliss Triumph was rated slightly more resistant 
than Irish Cobbler. Hollis and Goss (4) found that 
the tubers from 10 varieties, including Bliss Triumph 
and Irish Cobbler, differed in their resistance to Er- 
winia carotovora; Bliss Triumph was more resistant 
than Irish Cobbler. 


were disease reaction 


EXPERIMENTAL.—Certified seed of the 7 varieties 
were planted at the Tidewater Experiment Station, 
Plymouth, North Carolina. The late varieties (Essex, 
Sebago, Chenango and Kennebec) were planted Feb- 
ruary 28 and the early varieties (lrish Cobbler, Bliss 
Triumph, and White Cloud) March 9, 1951. It was 
expected that this difference in planting date would re- 
sult in the late and early varieties reaching maturity at 
about the same time, but a prolonged cold spring re- 
tarded sprout and early plant development and the 
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early varieties matured 7—10 days earlier than the late 
varieties. 

The varieties were randomized within blocks and 
replicated 4 times. Each plot consisted of a row 60 
ft. long in which 6-8-6 commercial fertilizer was ap- 
plied before planting at the rate of 2000 lb. per acre. 
The seedpieces were spaced 12 in. in the row and a 
uniform and comparable stand of plants developed for 
all varieties. April and May were comparatively dry 
(total precipitation 4.42 in.) and all varieties suffered 
briefly from drought during this period. 

The tubers were harvested at weekly intervals over 
a 4-week period, June 12—July 4. Each 60-ft. plot was 
divided into 15-ft. sub-plots to provide potatoes for the 
4 harvest dates. The tubers were carefully dug with 
a spading fork, placed in wooden crates or bushel 
baskets, and transported to the laboratory at Raleigh 
where they were subjected to the various treatments. 
On June 12 all varieties were immature, but the early 
varieties reached their maximum yield by the June 19 
harvest. The vines of Chenango and Kennebec were 
almost dead at the last harvest, July 4, but about 30 
per cent of the foliage of Sebago and Essex was still 
living. 

SUSCEPTIBILITY TO MECHANICAL DAMAGE.—The pro- 
cedure for appraising susceptibility to mechanical 
damage was similar to that used by Werner and Dutt 
(12) and consisted of dropping tubers of comparable 
weight a uniform distance onto a damaging surface. 
In these experiments the size of tubers used was deter- 
mined by the variety having the smallest potatoes. 
Throughout the harvest period Chenango produced the 
smallest tubers. For the first harvest tuber size varied 
from 80 to 100 gm. and for succeeding harvests the 
tubers weighed from 130 to 150 gm. Tubers of Kenne- 
bec. Sebago, and a few from other varieties were large 
and it was difficult to find sufficient tubers of this 
weight class. In these cases slices were cut from larg- 
er tubers to bring them to weight. When tubers were 
cut, the slices were always cut from the stem end. 
Ten tubers were taken from each replication of the 
varieties and subjected to the injury test. 

The bruising test was performed 48 to 72 hours after 
harvest. The damaging surface was a small steel shelf 
1/16 in. thick that left a distinct pattern on the potato 
(Fig. 1, A). It was supported on a stone topped table 
or on a cement floor with weights on the shelf edges 
to hold it evenly against the firm surface. 

For the first harvest when potatoes were dropped 12 
in., the 4 late varieties bruised less severely than the 
earlier varieties. The potatoes from the 3 subsequent 
harvests were dropped 18 in. to ascertain if additional 
damage would reveal varietal differences in the late 
In all cases the tubers were held individually 
by hand and dropped the measured distance in such a 
manner that the tubers struck on the rounded side 
(Fig. 1, A). In some cases, the tuber rotated slightly 
as it fell and did not strike squarely on the desired 
side. This error was common for all varieties and did 
not receive consideration in the subsequent steps of 


sorts. 














appraising bruise injury. 

To ascertain more easily the damage sustained by 
the tubers, the injured potatoes were washed free of 
soil and immersed in a solution of I-KI. A large glass 
dessicator that held 30 tubers was used as the con- 
tainer and the immersed potatoes were subjected to 
vacuum created by a water pump for 10 minutes. It 
appeared that this procedure clearly stained all in- 
ternal tissues exposed to infection under the point of 
impact (Fig. 1, B). The depth to which tubers were 
injured internally was measured by slicing injured 
potatoes with a vegetable slicer. The blade of the 
machine was adjusted to cut slices approximately 21% 
mm. thick. Injury data are based on the number of 
slices required to cut away all bruised tissue. Irish 
Cobbler and Bliss Triumph tubers sometimes burst or 
cracked from the force of the impact. Depth of this 
injury was not considered in determining depth of 
crushed tissue. 


TABLE 1. Relative susceptibility of potato tubers to bruising 


Depth of bruise—Aveg. of 4 tests" 


No. slices 
each 2.3 mm. 

Variety thick Mm. 
Bliss Triumph 3.6 8.4 
Irish Cobbler ca 7.9 
White Cloud 2.1 1.9 
Sebago 13 3.0 
Essex 1.5 3.5 
Chenango 1.4 ae 
Kennebec 1.3 3.0 
L.S.D. 5% 0.8 1.9 


“The potato varieties maintained the same positions rela- 
tive to bruising whether dropped 12 in. (first test) or 18 in. 
(last 3 tests); therefore, the data from the 4 tests were 
combined to show varietal differences. 


The early varieties were more susceptible to me- 
chanical injury than the late varieties (Table 1). 
Tubers of Bliss Triumph and Irish Cobbler sustained 
greatest injury and these 2 varieties were about equally 
susceptible. White Cloud was intermediate. There 
were no differences among the late varieties. 

Allowing tubers to dry out for several days after 
harvest reduced the depth of the bruise. For the sec- 
ond and third harvest dates potatoes from 2 replica- 
tions were injured 2 days after harvest and the other 
replications on the third day. In these cases no mea- 
surable difference was found because of the additional 
24 hours of storage at natural temperatures. How- 
ever, holding the potatoes for 10 days, as was done 
with 2 replications from the fourth harvest, appreciably 
reduced the amount of injury. Those injured 48 hours 
after harvest required an average of 2.7 slices to re- 
move the injured tissue, whereas those held 8 addition- 


al days at 62°F. required an average of 1.2 slices. It 
was also evident that after the extended storage those 
potatoes cut to bring them into weight were injured 
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less than the whole tubers. The whole tubers required 
an average of 1.6 slices to remove the injured tissue 
and the cut tubers required an average of .9 slice. 
Tuber turgidity is also a factor contributing to me- 
chanical injury as well as cracking, as found by Wer- 
ner and Dutt (12). 

RELATIVE SUSCEPTIBILITY OF BACTERIAL SOFT ROT.— 
Within 2448 hours after each harvest potatoes of the 
several varieties were subjected to conditions that fa- 
vored development of bacterial soft rot. The tubers 
were injured, washed, and incubated in a high relative 
humidity at 2 temperatures. 

Galvanized metal boxes 14 « 18 & 6 in. were used 
for humidity chambers. The bottoms of these boxes 
were covered with a layer of absorbent cotton and 
this in turn was covered with 2 layers of cheesecloth. 
The cotton-cheesecloth bottom was saturated with wa- 
ter. Each metal box was further subdivided into 6 
compartments. The smaller compartments measured 
roughly 6 & 6 X 6 in. and held approximately 4 lb. 
of tubers. After being filled with potatoes, the several 
compartments were covered with a second double 
thickness of wet cheesecloth, and the box covered 
with a metal slip-on top. Wet potatoes in these boxes 
tended to dry out when incubated at the warm tem- 
perature, particularly those near the top. 

Soft rot bacteria generally enter through wounds. 
but the lenticels also serve as infection courts for wet 
or washed potatoes (7, 9). In this study only those 
infections arising at wounds were considered. Tubers 
were uniformly injured by forcing a sawed-off nail. 
1 mm. in diameter, 1 cm. into either flat side. The 
number of tubers used from each variety depended 
upon the size of the tubers available. The smallest 
number of tubers used for any replication was 8 and 
the largest 30. Generally, the number of tubers varied 
from 12 to 20. 

In all experiments some injured potatoes were im- 
mersed in water and washed by hand. All potatoes 
from 1 harvest were washed in the same water. After 
the washing they were immediately placed in the com- 
partments of the humidity boxes. 

The injured, washed, or unwashed potatoes were 
incubated at 2 temperatures for approximately 50 
hours. A sample from each plot was held in a warm 
temperature incubator at 85°F. and another sample in 
a cool temperature incubator at 61°F. When placed 
in the incubators tubers ranged in temperature from 
about 74 to 79°F. 

The bacteria present on the tubers or in the soil 
adhering to them served as inoculum. Smith and 
Ramsey (9) have demonstrated the presence of soft 
rot bacteria in soil adhering to potatoes and in wash 
water. Following incubation the potatoes were ex- 
amined for symptoms of infection by slicing through 
the wounds made with the nail. 

Two general types of symptoms were present in the 
infected wounds. In one case the infected tissue was 
firm, appeared water-soaked and gray to light brown 
in color as described by Smith and Ramsey (9). This 
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Fic. 1. Representative tubers from 2 varieties illustrating the superficial and internal injury caused by dropping 
the tubers 18 in. A) Whole tubers: left, Kennebec; right, Bliss Triumph. B) Slices from same tubers: Bliss Triumph, 
Kennebec. ©) Symptoms of bacterial infection around nail wounds, left to right: healthy, hydrotic zone of firm but 
discolored tissue, bacterial soft rot. 


infecied tissue was several mm. wide and defined a 
zone around the wound. This symptom was arbitrarily 
classified as hydrotic (Fig. 1, C).* The other symp- 
tom was that of typical bacterial soft rot. It also 
developed around the nail wounds, but in this case 
the tissue was watery and soft. The color of the de- 
caying tissue varied considerably in the grays and 
browns suggesting differences due to the potato variety. 


2A microscopic examination of tissue having the hydrotic 
symptom revealed the presence of bacteria. 


strains of the pathogen, or presence of contaminating 
organisms (9). 

Comparative data recorded for the 7 varieties are 
based upon the percentage of nail wounds exhibiting 
the hydrotic or soft rot symptom. The percentage 
values were transformed to angles for statistical com- 
putation; data for the last 3 harvest dates are in 
Table 2. Data from the first harvest were discarded 
as they were incomplete. 

All varieties tested were susceptible to soft rot 
bacteria, but some varieties were more susceptible 
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TaBLeE 2.—Relative susceptibility of tubers from 7 potato varieties to infection by soft rot bacteria. Figures in table are 


angles derived from original percentage data 


Harvest Date and Infection Symptoms 


June 19 June 26 July 4 
Soft Rot Hydrotic Total Soft Rot Hydrotic Total Soft Rot Hydrotic Total 
Variety Symptom Symptom Infection Symptom Symptom Infection Symptom Symptom Infection 

Bliss Triumph 16.1 15.8 52.8 9.7 10.0 12.8 38.7 13.7 54.3 
Irish Cobbler 39.2 15.8 76.4 21.2 52.6 63.0 15.6 17.4 69.2 
White Cloud 27.8 15.3 59.7 12.9 18.1] 53.6 27.9 53.4 63.0 
Sebago 37.6 39.0 62.3 19.5 32.2 10.7 12.2 a7. 55.4 
Essex 8.1 51.7 54.3 8.5 10.8 10.2 11.1 15.8 18.1 
Chenango 12.4 39.5 71.4 20.6 39.2 51.8 39.0 16.2 61.1 
Kennebec 2.7 35.6 5 IW | 19.9 31.6 41.8 17.9 36.9 53.0 
hs oe Ee SH 11.8 7.6 11.9 8.0 10.3 8.4 ; 9.2 7.7 


1 


“Very little soft rot developed at the cold temperature and 


than others. When considering the total infection that 
developed in the potatoes from each harvest date, 
Irish Cobbler, White Cloud, and Chenango comprised 
a group of the more susceptible varieties in which 
Irish Cobbler was most susceptible. To the other ex- 
treme Bliss Triumph, Essex, and Kennebec comprised 
a resistant group in which Essex was possibly the most 
resistant. Considering only the soft rot symptom, 
Irish Cobbler and Chenango were again rated sus- 
ceptible and Bliss Triumph and Essex resistant. The 
position of Kennebec was reversed (from resistant to 
susceptible). This shift was due to a greater propor- 
tion of the wounds having the soft rot symptom in 
contrast to the hydrotic symptom. Sebago behaved 
similarly. Since a greater proportion of the infections 
for Sebago and Kennebec had developed soft rot symp- 
toms after approximately 50 hours, the tissue of these 
varieties was apparently rapidly destroyed by the bac- 
teria that accomplished infection. 

The incubation temperature influenced the develop- 
ment of bacterial soft rot in 2 ways (Table 3). First. 
the cooler temperature (61°F.) was effective in re- 
ducing the number of infections and possibly of great- 
er importance, it retarded the progress of disease de- 
velopment. For each harvest date more of the wounds 
at the cooler temperature had the hydrotic symptom 
than at the warmer temperature, and fewer wounds 
had the soft rot symptom. In the development of soft 


TABLE 3.—Influence of incubation temperature on the develo, 
tatoes from the > harvests Figures in table are angles ( 


H irvest | 
June 19 

Incubation Soft Rot Hydroti Total Sc ft Re 
Temperature Symptom Symptom Infection Sympt 
6I* &. 19,2 19.2 59.5 r 
oS° F. 37.9 7.3 63.6 24 
L.S.D. 5% 5.6 7 1.1 A 
“Very little soft rot developed at the cold temperature and 


>N. S. means not significant. 


statistical analysis could not be made. 


rot the hydrotic symptom precedes the soft rot symp- 
tom. 

The practice of washing immature potatoes to pre- 
pare them for market is known to increase the prob- 
ability of soft rot development (7, 9). This relation- 
ship was confirmed in these studies. Washing in- 
creased the number of wounds that became infected 
and also the rapidity of disease development at the 
higher temperatures (85°F.). 

RELATIVE SUSCEPTIBILITY TO SOLAR HEAT INJURY. 
Potato tubers develop very high temperatures when 
exposed to solar radiation, becoming more susceptible 
to bacterial soft rot (6). In the present studies, ex- 
periments were performed to see if the tubers of the 
7 potato varieties were equally predisposed to bacterial 
soft rot after being heated to sublethal temperatures by 
solar radiation. Those tubers remaining after comple- 
tion of the preceding experiments were exposed to 
direct sunlight and injured to accomplish inoculation. 
The extent to which bacterial soft rot developed in 
potatoes exposed to the sun was used as a measure of 
difference in susceptibility to sublethal temperatures. 

Potatoes from the last 3 harvests were exposed to 
forenoon sunlight 2-4 days after harvest depending on 
the prevailing weather. Tuber temperature was mea- 
sured with pointed-bulb thermometers inserted about 
l4 in. in a medium sized tuber of each variety. The 
length of exposure and temperature reached were de- 


yment of bacterial soft rot symptoms and infections in po- 
lerived from original percentage data 


Mate and Infection Symptoms 
June 26 July 4 
it Hydrotic Total Soft Rot Hydrotie Total 
om Symptom Infection Symptom Symptom Infection 
8 12.8 14.8 0.8 53.4 53.7 
>) 38.4 50.7 35.1 35.4 61.7 
l N.S.” 3.6 ; 9.9 1. 


statistical analysis could not be made. 
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TABLE 4. 


Date 
of 


Exposure 


Duration of 
Exposure 


7-8 175 minutes 
6-2] 130 minutes 
6-28 140 minutes 
7-8 175 minutes 


‘The potatoes from 1 replication of last harvest “exposed” 


Li}. 

pendent on the duration of cloudless sky. The maxi- 
mum temperature was recorded, and the tubers were 
injured with the nail, as described earlier, and placed 
in cloth sacks (2-714 lb of potatoes). The small sacks 
of warm, injured potatoes were piled in a shady place 
and covered with a water proof tarpaulin. After 5-7 
days the potatoes were examined for bacterial soft 
rot. 

The sublethal temperatures reached by the potatoes 
made them more susceptible to the bacteria that cause 
soft rot decay. All varieties responded similarly and 
no differences in susceptibility to sublethal tempera- 


tures were evident. The amount of bacterial soft rot 
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Percentage by weight of potatoes that developed bacterial soft rot following exposure to direct sunlight 


Average Weight of Percentage 
Maximum Tuber Potatoes Soft Rot 
Temperatures Used Decay 
66°. > 36 Ibs. 10.7 
106.3° F. 104 lbs. 27.0 
110.1° F. 103 lbs. 64.6 
332° F, 87.6 


137 Ibs. 


in shade but stored under tarpaulin with those that reached 


that developed following sun irradiation was related 
to the maximum temperature reached by the potatoes 
during the 3 exposures (Table 4). 

These data are based upon the decay that developed 
in the potatoes from all varieties. The percentage of 
soft rot was much higher in those potatoes that reached 
110.1° and 111.2° F. in contrast to those that reached 
106.3° F. This relationship agrees with previous data 
which showed that the threshold of heat injury lies 
near 109° F. (6). 
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PHYSIOLOGICAL STUDIES OF SCLEROTINIA SCLEROTIORUM 
IN LIQUID AND AGAR CULTURE! 


Laurence H. Purdy, Jr. and R. G. Grogan 


SUMMARY 


The growth of S. sclerotiorum was compared on 
liquid and agar media deficient in N, P. K, Mg. C, 
or the heavy metal elements. Whereas measurements 
of radial growth on agar media failed to show the 
essentiality of some of these elements for growth, it 
was clearly demonstrated that growth was signifi 


cantly reduced in solution cultures lacking P, Mg, 
or the trace elements and that little or no growth 
occurred in solutions lacking K, N, or C. The use 
of an agar medium alone is not dependable in de- 


termining the nutrient requirements of S. sclero- 


tlorum,. 





In a recent report Tanrikut and Vaughan (9) stated 
that the fungus, Sclerotinia sclerotiorum, (Lib.) De- 
Bary, was capable of growth on substrates lacking the 
mineral and organic nutrients usually considered es- 
sential for growth and that sclerotial formation was 
affected only by the addition of phosphorus, nitrogen. 
and carbohydrates to the medium. This differs from 
the work of Newton (5) who found that no measurable 
growth occurred when K, P, N, or C was omitted from 
the culture solution, and that the mycelial weight in- 
creased with the addition of Mg, S, and Ca to a basic 


culture solution containing K, P, N, and C. The pres- 
ent work was undertaken to check the conclusions of 
(9) and (5) and to obtain additional data on the min- 


eral nutrition of this fungus. 

MATERIALS AND METHODS.—The basic nutrient solu- 
tion? used in this work was adopted from Houston 
(2), and will be referred to hereafter as Houston’s 
solution. To prepare culture solutions minus known 
essential elements, the following omissions and substi- 
tutions were made in the basic solution: Minus carbo- 
hydrate, dextrose omitted; minus N, NH,NOs. omitted; 
minus Mg, MgSO, omitted and K.SO, substituted; 
minus K, KH.PO, and K,.HPO, omitted, and NaH.PO, 
and Na,HPO, substituted; minus P, KH.PO, and 


ri. 1 . 


1 Accepted for publication Octobe 

2Formula for basic nutrient solution, grams per liter; 
dextrose 40, NH,NO; 0.7, MgSO, 0.3, KH2PO, 0.3, K-HPO 
1.2, FeCl; 0.001, CuSO, 0.001, ZnSO, 0.001, MnSO, 0.001, 
distilled water to make 1 liter. 


TasLeE 1.—Growth of Sclerotinia sclerotiorum originating 
minus indicated elements 
Days after inoculation Complete 
) if 
of plates mediun N 
1] 7 
4 29 15 
6 18 39 
8 81 55 
10 90m 63 
12 90w 2 
14 90b ° o0 
24 90b 90b 


"Mycelial massing prior to sclerotial formation. 
>Immature white sclerotia. 
© Mature black sclerotia. 
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K.HPO, omitted and K.SO, substituted; minus heavy 
metal elements, salts containing Fe, Cu, Zn, and Mn 
omitted, and solution autoclaved with CaCO, and fil- 
tered (8). Mass transfers from single ascospore cul- 
tures were used as inoculum throughout the experi- 
ments except where otherwise indicated. The inocu- 
lum disc, in all cases 4 mm. in diameter, was cut from 
the advancing margin of young cultures growing on 
1.5 per cent water-agar or potato-dextrose agar (PDA) 
plates which had been inoculated with a sclerotium. 
All plates and flasks used in growth studies were 
maintained at 21°C., the former for 32 days, the latter 
for 17 days. Five or more replicates of each agar and 
solution preparation were used and experiments were 
repeated 2 or more times. 
Resu._ts.—Growth on agar media. 
cent agar was made with Bacto-agar of the complete 
Houston’s solution and all solutions deficient in ele- 
ments. Daily diameter measurements were made until 
the colony reached the edge of the plate. The growth 


rate of Sclerotinia sclerotiorum on these deficient agars 


One and '% per 


is presented in Table 1. 

A comparison was made between plates inoculated 
with a PDA dise containing vegetative mycelium and 
plates inoculated with similar mycelial discs from 
water agar plates. The surface of agar plates inocu- 
lated with a PDA disc was covered by mycelial growth 
2-6 days sooner and sclerotia formed 4—6 days sooner 
than plates inoculated with similar discs from water 


agar plates. 
m a water agar inoculum disc on Houston’s solution agar 
Diameter of colony in millimeters 


Agar minus 
Heavy metal 


K P Meg elements is 
1] 2] 19 10 5 
s2 66 35 25 7 
73 87 64 58 13 
90 90 90m 85 2] 
90m 90m 90w 90m 3] 
90b 90w 90b 90w 37 
90b 90b 90b 90b 15 
90b 90b 90b 90b 90 








Fic. 1 = Fig. & 
after inoculation: 
E) deficient in K; F) deficient in N; G) deficient in C. 


cult to see.—Fig. 2. Growth of S. 
elements; C) minus Mg; D) minus P; E) minus N; 


On agar inoculated with water-agar discs, the fast- 
est radical growth rate occurred on media deficient in 
K, P, or Mg. The growth rate on agar deficient in the 
heavy metals was about equal to that on the complete 
agar. Growth on nitrogen deficient agar was slower 
than on any of the above agars, but the slowest rate of 
radial growth occurred on agar deficient in carbon, in 
which 24 days were required for the mycelium to cover 
the agar surface. 

Sclerotia were formed on agar deficient in K, Mg, or 
the heavy metals in 12 days, while 14 days were re- 
quired on P-deficient agar and on the complete agar. 
On nitrogen-deficient agar sclerotial formation was 
erratic, occurring only on about ¥% of the plates 24 
days after inoculation. No sclerotia were formed after 


32 days on agar deficient in carbon. Sclerotia were 
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Representative cultures of S. sclerotiorum growing on agar media with Houston’s solution 24 days 
A) complete; B) deficient in the heavy metal elements; C) deficient in Mg.; D) deficient in P; 
Mycelium on agar deficient in C 
sclerotiorum in Houston’s solution: A) complete; B) minus the heavy metal trace 


was very sparse and diffi- 


minus K; G) minus C. 

formed on the inside edge of the plates above the agar 
surface in all plates deficient in K. These sclerotia 
were smaller than those produced on the complete agar 
or agar deficient in P, Mg, or heavy metals, all of 
which were of comparable size. However, the dry 
in milligrams of 10 sclerotia produced on 
these media was: complete, 170; deficient in Mg, 168; 
deficient in the heavy metals, 180; deficient in P, 92; 
deficient in N, 33; deficient in K, 17 (Fig. 1). 

To eliminate the effect of the inoculum disc, plain 
water agar plates and an equal number of PDA plates 
were inoculated with single ascospores. The surface 
of the PDA plates was covered in 6 days and mycelium 
Mature 
sclerotia were formed in 8 days. Growth on the water 


weight 


was massing prior to sclerotial formation. 


agar plates was much slower, requiring 12 days to 
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cover the agar surface. Two to 3 scattered points of 
mycelial massing occurred by 14 days, but no sclero- 
tia were formed at the end of 32 days. The mycelium 
was appressed to the agar surface, very sparse, and 
difficult to see. 

Growth in liquid culture solution.—Since a single 
ascospore placed on water agar covered the surface of 
the plate with mycelium, it was evident that the fungus 
was capable of obtaining nutritive materials from agar 
or from impurities contained in it. To eliminate this 
source of error, solution cultures were prepared as 
previously described. The solution in which no heavy 
metal elements were added was treated to remove 
heavy metal impurities according to the method of 
Steinberg (8). Fifty ml. of each solution were placed 
in each of 10 clean 250 ml. Erlenmeyer flasks, and the 
flasks were plugged with a cotton plug through which a 
glass rod bent at right angles at the bottom and flat- 
tened to form a platform had been inserted. The in- 
oculum disc was placed on the small platform at the 
end of the glass rod and lowered so as to touch the 
surface of the culture solution (2). The cultures were 
incubated at 21°C. until mature sclerotia were formed 
in the complete solution, 17 days after inoculating, 
when all cultures were harvested for weighing. Filter- 
ing of the mycelial mat through asbestos or a loose 
weave cloth disc proved to be very difficult and slow. 
Therefore, a modification of Newton’s method (5) was 
adopted to recover the mycelial mat from the culture 
solution. This consisted of removing the mats from 
the culture solutions and placing each in 100 ml. of 
distilled water for 1 hour. They were then transferred 
to another 100 ml. of distilled water for 14 hours and 
then transferred to clean glass slides and dried at 
105°C. for 24 hours. Prior to weighing, the glass 
slides plus the dried mycelium were placed in a CaCl. 
desiccator for 4 hours. After weighing, the glass slides 
were washed, dried, and reweighed. 

The dry weight in milligrams of the mycelial mats 
produced in a typical series was: 741 in the complete 
solution; 145 in the solution minus the heavy metal 
elements; 12 in the solution minus Mg; 3 in the solu- 
tion minus P; a trace amount i.e. less than 0.5 mg., in 
solutions minus K, N, or C. These data show that 
growth is significantly reduced in solutions lacking 
the essential elements P, Mg, or the heavy metals, and 
that little or no growth occurred if the solution lacked 
N, K, or C. A typical series after 17 days growth is 
pictured in Fig. 2. 

Discussion.—Agar is a complex polysaccharide sul- 
fate ester (6). To form a gel, it must exist as a salt 
of calcium, magnesium, potassium or sodium (4). 
Physiologically active impurities in agar have been 
reported (1, 3, 7), and several fungi are capable of 
limited growth on water agar (10). Sclerotinia sclero- 
tiorum can utilize agar or the impurities contained in 
it; therefore, it is evident that nutrient requirements of 
this fungus cannot be determined by using an agar 
medium. 

Since growth of a mycelial colony is 3-dimensional, 
several criteria outlined by Worley (11) must be con- 


sidered when measuring growth rates on solid media. 
Radial measurements ignore tangential growth, and 
misconceptions can arise from studies in which radial 
spread is the only growth criterion used. Radial 
growth measurements reported herein agree for the 
most part with the data presented by Tanrikut and 
Vaughan (9), in which it was found that radial growth 
on agar deficient in K, P, Fe, or Mg was as rapid as 
on a complete agar. This was interpreted as indicat- 
ing that these elements are not essential or that they in- 
fluence growth very slightly. However, the mycelial 
density was less on these deficient agars than on the 
complete agar. Use of the solution culture method 
clearly showed that when essential elements were de- 
ficient or lacking, growth was suboptimal, and for cer- 
tain elements, i.e. K, N, and C, only a trace of growth 
occurred. The data presented herein show that the 
nutrient requirements of this fungus are definite and 
that the mineral elements essential for growth of other 
organisms are also required for growth of S. sclero- 
tiorum. 

It has been suggested that a correlation exists be- 
tween the nutrient requirements of S. sclerotiorum 
and its pathogenic—saprophytic capabilities (9), but 
several fungi which survive with ease as saprophytes 
are specific insofar as pathogenicity is concerned. For 
example, the wilt Fusaria (Fusarium oxysporum 
group) which are well adapted for saprophytic exist- 
ence and can survive in the soil for many years; yet 
these fungi exhibit a very specific affinity for certain 
hosts. In contrast S. sclerotiorum which is well adap- 
ted for saprophytic existence exhibits very little host 
specificity. 
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INTERACTION OF SALINITY INJURY, LEAF AGE, FUNGICIDE 
APPLICATION, CLIMATE, AND BOTRYTIS CINEREA IN A 
DISEASE COMPLEX OF COLUMN STOCK ? 


Kenneth F. Baker, O. A. Matkin, and Lily H. Davis 


SUMMARY 


A disease complex in field-grown column stocks 
caused severe losses in the winter of 1952-53 in 
coastal southern California, in some areas destroy- 
ing half of the crop. The sequence initiated with a 
leaf tip burn, fairly common on stocks in the area, 
caused by soluble salts accumulated through evapo- 
ration of guttation drops. These necrotic tips of 
young apical leaves provided favorable infection 
courts for Botry!is cinerea under cool moist condi- 
tions, and the fungus then advanced into the main 
stem, destroying the raceme of buds or flowers. 


This leaf and flower decay can be minimized by 
applications of fungicides, but these may be dis- 
continued after flowers begin to open since leaves 
are not then susceptible. Continued spraying until 
flowers were cut caused premature withering and 
aging of the petals, particularly when applied dur- 
ing moist weather that retarded drying. Botrytis 
produced severe losses when such cut flowers were 
shipped or stored. Losses may be minimized by 
applications of fungicidal sprays at intervals until 
flowers begin to show color, but not @fter that time. 





Field-grown column stocks (Matthiola incana R. 
Br.) were severely injured in coastal southern Cali- 
fornia during the winter of 1952-53 by an unusual 
complex of physiological injury and attack by Botry- 
tis cinerea (3). It was estimated that in some areas 
nearly half the crop was lost from this disease com- 
plex. The trouble was most severe in coastal areas of 
San Diego, Ventura, and Santa Barbara Counties, but 
also occurred in other humid localities. The situation 
reaffirms the fact that a disease-control procedure not 
based on knowledge of the real cause may actually 
aggravate the trouble. 

INJURY AT LEAF TIPs.—Stocks growing in southern 
California fields commonly have slight injury at the 
leaf tips. This varies from a form not externally visi- 
ble, through a tiny yellow or brown area involving a 
few cells (Figs. 1C, D, 2B), to a brown necrosis of the 
whole tip. Usually the weather remains dry and the 
dead apical area does not enlarge. This injury would 
be unimportant if it stopped here, but in wet weather 
it passes into the more serious Botrytis phase. 

This tip burn is caused by localized concentration 
of soluble salts at the hydathodes, as has been reported 
for other crops (7, 14, 18). The injury has been ob- 
served in commercial stock plantings in southern Cali- 
fornia since 1943. In 1944, plants in the Redondo 
Beach area remained in the vegetative basal rosette 
condition because of insufficient chilling. Application 
of large quantities of nitrogenous fertilizer to force 
plant elongation produced tip injury, particularly on 
young leaves. This was similar to, but more severe 
than that described in this paper. 

The leaf tip injury is not a result of infection by 
bacterial blight, Sclerotinia cottony rot, or mosaic, as 
thought by some growers, since it occurs on plants and 
in plantings free of these diseases. 

Hydathode structure. — Hydathodes occur only at 
the leaf tip in Matthiola (Fig. 1A, C, D). Each con- 
sists of a group (generally 6-8) of stomata with thick- 
ened guard cells (Fig. 1A, D) which are larger than 
the functional stomata and remain open. The loosely 


1 Accepted for publication October 4, 1953. 
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Fic. 1. Symptoms of leaf tip burn from salt accumula- 
tion; field-grown stock plants, southern California, winter 
of 1953. os = open stoma; s = functional stoma; v = 
vascular elements; e = epithem. A) Apical view of cleared 
leaf showing spatial relation of hydathode area of open 
stomata to the functional stomata and vascular elements. 
B) Cleared leaf showing pattern of veination with the al- 
most completely closed marginal system except at the apex. 
C) Enlarged area from D showing thickened guard cells 
of an open stoma, collapsed cells bordering the substomatal 
chamber, and free vein endings. D) Transection of leaf 
slightly injured from salt resorption, showing localized 
necrosis and tracheal endings in epithem leading to open 
stomata. 


spaced cells of the epithem connect the substomatal 
cavities of these open stomata with free tracheal end- 
ings (Fig. 1C, D). This tissue provides the channel 
for flow of exudate from the xylem ends which are 
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concentrated in this area (Fig. 1B, D), and shows 
greatest injury from salt resorption. It is significant 
that, except at the leaf tip, the marginal veination is 
essentially closed, with only an occasional open, in- 
wardly turned veinlet (Fig. 1B). The salt injury of 
stock leaves is always apical and at the hydathode. 
rather than at the margin where exudativn and re- 
sorption are extremely limited. 

Hydathode exudation—It is reported that young 
leaves generally guttate more (19. p. 673), and that the 
exudate from them has a higher osmotic concentration 
(11) than somewhat older leaves. Curtis (7) showed 
that, depending on the environment, guttation drops 
may (A) roll or be blown off the leaf, (B) evaporate 
and leave a deposit (8, 9, 12, 13. 14) or concentrated 
solution, or (C) ebe sucked back into the leaf. Thus, 
if situation B continues on consecutive days phyto- 
toxic concentrations will result, particularly if fol- 
lowed by situation C. However, intervention of situa- 
tion A would remove the accumulations and reduce 
concentrations to a safe level. The relatively still air 
at night in coastal southern California may aggravate 
the situation by reducing A. The concentration of 
salts in the exudate varies with that of the soil solu- 
tion (11), and large amounts of glutamine have been 
reported (8, 12) to exude promptly from grasses when 
supplied with ammonium salts. It is known that 
salts accumulate in plant tissue from absorption of 
ocean spray (5) and irrigation water applied over- 
head (21), but neither seems to be involved in this 
stock disease complex. Although some stocks are 
grown near the ocean in southern California the oc- 
currence of tip burn is not restricted to such plant- 
ings. Tip burn occurs in stocks irrigated either by 
overhead sprinkling or ditches. 

Guttation of stocks is in accord with the above facts. 
Observations of stock plants in the field and glass- 
house, as well as the collection of the guttated fluid 
from leaf tips in individual glass tubes have shown 
that most, if not all, of the guttation occurs from the 
tips of young apical leaves during periods of high 
humidity. 

Exudate collected from young leaves of field-grown 
stocks in Ventura County in March, 1953 had a pH of 
8.35, a total nitrogen content of 72 p.p.m., a sugar 
percentage of 0.5, and a conductance? (K  10*) of 
2.0 (approximately 1400 p.p.m.). Most of the solids 
were inorganic, possibly sodium and potassium sulfate 
and chloride. Similar samples collected from glass- 
, a total nitrogen con- 


house plants had a pH of 7.6—7.7 
tent of 28 p.p.m., a sugar percentage of 0-0.2, and a 
conductance (K X 10°) of 0.46 (approximately 332 
p.p.m.). The readings of the glasshouse plants repre- 
sent the exudate collected during several days, with 
minimal evaporation. However, should 5 such con- 
secutive droplets evaporate on the leaves. a solution 
containing 1600 p.p.m. of salts could result. The read- 


2Reading expressed in terms of Solu-Bridge Model 
RD26; for the RDI5 Model this would be K & 105 or 200. 


ing on field-grown plants may represent such an ac- 
cumulation or may be an initial reading, but in either 
case there is no reason to regard it as a maximal 
figure. Since this accumulation occurs on young 
growing leaves perhaps of low salt tolerance, injury 
might well be expected at fairly low concentrations. 

Salt resorption.—The absorption by the stock leaf 
of external solutions was demonstrated. From a so- 
lution of sodium, potassium, chloride, and sulfate (0.5 
normal of each), 3 dilutions were made so as to pro- 
vide conductance values (K xX 10%) of 3.5, 7.0, and 
14.0. Ten small vials of approximately 0.5 cc. capac- 
ity were filled with each solution. These 30 vials 
were placed over the tips of stock leaves on field plants 
at 7:00 a.m. during a period when there was no gut- 
tation. Each young leaf tip was immersed in the solu- 
tion in a vial by carefully curling the leaf to prevent 
tissue damage. Thirty-six hours later both the leaves 
and vials were removed from the plants. Each vial 
had been emptied of liquid to the depth of pene- 
tration of the leaf. The leaves were flaccid back half- 
way or more from the tip, the more saline the solu- 
tion the more flaccid the leaf. Microscopic examina- 
tion showed partial to complete plasmolysis of cells in 
these areas in direct proportion to the salt concentra- 
tion of the fluid with which it was in contact. Thus 
stock leaves absorb external fluids under conditions 
where transpiration is great enough to prevent gutta- 
tion, this absorption presumably taking place through 
the hydathodes. In the field a drop of exudate, be- 
cause of its small volume, would be drawn no further 
than the epithem, the tissue actually injured under 
natural conditions. 

BoTrRyTIS INFECTION OF INJURED LEAF TIPS.—Cool 
coastal southern California is frequently favorable for 
severe damage from Botrytis cinerea, despite its semi- 
arid climate. For infection the fungus requires (A) 
senescent or dead tissue (except on some flower pet- 
als), (B) free moisture, and (C) cool conditions of 
about 45°-60°F. (1). Because of the omnivorous and 
ubiquitous nature of the fungus, and particularly its 
abundant sporulation on rubbish in the fields, it is 
reasonably certait® that all field-grown stocks have a 
high inoculum potential of Botrytis spores. Since 
leaf tips injured by soluble salts are fairly common 
in field stocks, it is only the favorable climatic condi- 
tions that keep the Botrytis disease from being more 
destructive than it is. 

The injured leaf tips of stocks provide a highly fa- 
vorable substrate for initiation of Botrytis infection 
and practically all leaf infections start there. Leaf 
exudate and diffusate provide suitable substrata for 
growth of bacteria and B. cinerea (6, 13, 26). This 
fact, coupled with the succulence of the apical leaf 
tissue and the necrotic areas therein, and the fact that 
the modified stomata of the hydathodes remain open 
to mycelial penetration, explain the frequency of Bo- 
trytis infection at this point. The senescent yellow 
tips of older basal leaves in California field stocks 
caused by potash deficiency (15) or other conditions 





1954 | 
are not susceptible to Botrytis infection. This is evi- 
dence of the importance of leaf age in this disease 
complex. 

Infection initiates in the tip injury (Fig. 2C, E, H) 
under cool moist conditions and, if the environment 
continues to be favorable, the fungus spreads down the 
young leaf (Fig. 2D, G) into the main stem (Fig. 2J), 
or into any other part (such as bud, flower, or another 
leaf) that may be in contact with it (Fig. 21). Rotting 
of part or all of the young flower head commonly re- 
sults from this type of infection (Fig. 2J). Because 
column stocks do not form lateral branches, loss of the 
growing point renders the plant valueless. The char- 
acteristic powdery gray mass of conidiophores and 
spores usually develops on the surface of such parts 
(Fig. 2D, G, 1. J). However, if the weather turns warm 
or dry shortly after infection of the leaf tip, the devel- 
opment of the fungus in either the leaf or stem is 
checked (Fig. 2C, F, 1). With a return of cool moist 
weather the fungus in some cases may resume growth, 
developing as above. Apparently, however, most of 
such interrupted infections do not progress further, 
consistent with reports for mycelium of this and other 
Botrytis spp. (4, 10, 7. 20 [ pp. 29-30}, 25). Infections 
that do not advance for any reason remain as small 
dead tips on the leaves (Fig. 2C, F) after the rest of the 
leaf blade increases in size. The characteristic small 
size of the infected tips demonstrates that infections 
commonly occur on young, rather than older leaves. 

Fungicidal Botrytis 
Grower experience and our limited tests (2) indicate 
that it is possible to reduce infection and/or down- 
ward spread of the fungus from the dead leaf tips by 
Sprays of captan (Ortho- 


control of leaf infections. 


application of fungicides. 
cide 406). zineb (Parzate), or manganese ethylene- 
bisdithiocarbamate (Manzate) have been successfully 
used by the growers who apply these sprays during wet 
weather, beginning when plants are about 3 in. high 
and continuing at intervals until the flowers are cut. 
Our field observations agree with grower experience 
that 
ate on column stocks after flowers begin to open. This 
is because the development of the raceme and the ab- 
sence of lateral branches preclude initiation of new 
leaves, and the open growth provides improved aera- 
tion. There is, therefore. little reason to apply fungi- 
cides for Botrytis after flower buds show color. Neither 
is there any valid reason to apply sprays after that 


Sotrytis infections on leaves do not usually initi- 


time for protection against other pathogens or insects. 
This is an important consideration in preventing spray 
injury to the flowers. 

SPRAY INJURY OF FLOWER PETALS.—Recent studies 
by Dimock (16) in New York, confirmed by Sciaroni 
(2) in California, have shown that injury to roses and 
other ornamentals from some fungicides and insecti- 
cides (e.g., Karathane and Parzate) may result when 
these materials do not dry until several hours after 
application. When they dry promptly injury does not 
occur. It is probable that the injury observed on 
stock petals is produced under similar conditions. 
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Pc, 2. 
field-grown stocks, southern California, winter of 1953. 
\-D.—Progressive stages in development of leaf tip injury 
and Botrytis infection. A) Uninjured leaf. B) Yellow tip 


Symptoms of the tip burn—Botrytis complex on 


from salt injury uninfected by Botrytis. C) Initial stage 
of Botrytis infection following tip burn. D) Advanced stage 
of Botrytis infection, showing sporulation. E-G.—Stages of 
Botrytis invasion of leaves. E) Young leaf iniected at tip. 
F) Later development of E in which Botrytis was checked, 
showing necrotic tip on enlarged mature leaf. G) Later 
development of E in which Botrytis was not checked, show- 
ing progressive decay and sporulation. H-J.—Stages of 
Botrytis infection of shoot apex. H) Characteristic tip in- 
fections of upright young leaves. I) Flower stem H which 
elongated before infections spread and killed the apex, 
showing variable severity of leaf-tip infection and invasion 
of lower flowers. J) Complete decay of H from unchecked 
leaf-tip infections. 


This injury was evident as premature aging and 
withering of the petals of older flowers. Microscopic 
examination showed most of such affected petal tissue 
to be free of parasitic bacteria or fungi but exhibiting 
characteristic chemical injury. There was _ evident 
spray residue on all such petals examined. 

Growers recognized that Botrytis is important only 
in wet weather and applied protective fungicides, un- 
fortunately at the time that also gave maximum chemi- 
cal injury to petals. One grower, who had applied 
no sprays or dusts to his stocks after they showed 
color, had fine flowers free of injured petals, but plants 
in nearby fields sprayed after that time had withered 
petals. The total field picture clearly showed that 
much of the actual damage to the crop in the winter 
of 1953 resulted from these late spray applications. 

BorTryTIs INFECTION OF INJURED PETALS. — While 
Botrytis cinerea may invade uninjured petals of some 
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flowers (1, 6, 22, 23, 24). this does not occur on stock. 
Unsprayed racemes cut at the usual commercial stage 
of development, heavily atomized with a spore sus- 
pension from a culture of B. cinerea obtained from 
stock flowers, and held in moisture-saturated cool at- 
mosphere, developed few flower infections until the 
petals had begun to decline. However, spray-injured 
petals in cool moist storage and shipping rooms would 
become infected from the many Botrytis spores on the 
flowers. Given sufficient inoculum, some of the spores 
would be able to germinate and infect between the 
areas covered by spray. This fact is demonstrated by 
the impossibility of controlling B. cinerea in seed fields 
of large-flowered snapdragons in coastal California by 
fungicide application. 

When the spray-injured flowers were shipped they 
were dumped by the receiver because of damage from 
Botrytis. 
money in shipping such material. The “woolly” flow- 


Shippers soon were unwilling to invest 


ers were correctly diagnosed by growers, shippers. 
and the receivers as being infected by Botrytis gray 
mold. 

Growers’ reasoning was colored by California ex- 
perience with the disease of gladiolus caused by Botry 
tis gladiolorum. It is necessary to spray at 3-5 day 
intervals, depending on the weather, from time of 
emergence until corms are dug, in order to control 
that disease (2), because the fungus is an aggressive 
pathogen able to infect uninjured healthy tissue at any 
stage of development. Not appreciating the distinc- 
tion between this fungus and B. cinerea, and encour- 
aged by the successful control of Botrytis leaf tip in- 
fection on stock, growers applied sprays up to the 
time the flowers were cut. The sprays were applied 
mostly during wet or humid weather when maximum 
phytotoxicity occurred. Killing the Botrytis spores on 
the plant at a given time did not eliminate infection 
because spores continuously drifted in from other 
sources. The application of more spray to stock flow- 
ers thus led to greater petal injury and to increased 
loss from Botrytis, in discouraging progression. 

Controt.—The solution of this complex disease 
problem lies in control of the Botrytis leaf decay 
through applications of a fungicide at intervals up to 
the time flower buds appear. Applications thereafter 
should be made only with the calculated risk of flower 
injury and, if possible, at a time when the material 
will dry quickly. Once the flowers begin to open and 
show color, no insecticidal or fungicidal sprays or 
dusts should be used. Since all flowers do not open 
simultaneously, the grower must decide when the loss 
from fungicidal injury to flowers (and subsequent Bo- 
trytis decay) in a given field will exceed that from 
the Botrytis leaf decay, and accordingly cease spray- 


ing. 
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INFECTIVITY AND GALL SIZE IN TOMATO AND CUCUMBER SEEDLINGS 
INFECTED WITH MELOIDOGYNE INCOGNITA VAR. ACRITA 
(ROOT-KNOT NEMATODE) ? 

V. H. Dropkin ? 


SUMMARY 


Three lines of Meloidogyne incognita var. acrita 
have been carried by transfer at each generation of 
single larvae to marked roots of a clone of Allgold 
sweet potato plants. Two of the lines are at their 
fourteenth generation and | is at its seventh. Mea- 
surements of infectivity and of gall size were made 
for possible use in differentiating genetic variants of 
this nematode. The infectivity of the species used 
was less for Marglobe tomato seedlings than for Im- 
proved Long Green cucumber seedlings, both in ex- 


posures of 1] larva at a time and in exposures of 25 
larvae at a time. 

Gall areas were measured by a photographic and 
planimetric technique. A high positive correlation 
is shown between gall area and number of larvae 
in the gall. The response of the root to the presence 
of the nematode is a local one and seems to be re- 
lated to the amount of stimulation provided by each 
nematode. 





The plant parasitic nematodes offer excellent ma- 
terial for investigation of many problems of host para- 
interaction. In contrast to the abundance of 
papers on bacteria, fungi, and viruses which affect 
plants, there is dearth of information on the physiology, 
genetics, ecology, biochemistry, or behavior of the 
nematodes. Studies of these plant parasites, oriented 
toward a delineation of their general biology, are es- 


site 


sential to the effective solution of problems of control. 
The present investigations have grown out of a study 
of lines of one of the root-knot nematodes, Meloidogyne 
incognita var. acrita, consisting of populations of para- 
sites resulting from transfer of single larvae at each 
generation. In a search for suitable characters to use 
in the differentiation of genetic variants of this nema- 
tode, measurements of infectivity and of gall size in 
relation to number of worms per gall were undertaken. 
Three lines of M. incognita 
Two of these are at 
At 


each transfer, single egg masses from the unmated 


HiIstORY OF THE LINES. 
var. acrifa are being carried. 
their fourteenth passage, and one is at its seventh. 


females of the previous generation are set out on the 
laboratory table in tap water in microculture dishes 
enclosed in Petri dishes to prevent desiccation. The 
egg masses are collected at approximately 30 days 
after infection in the summer and at 45 days in the 
winter. The larvae hatch within a week and are 
placed individually on the roots of Allgold sweet potato 
cuttings.® All sweet potato plants were grown from 
cuttings belonging to a single clone. This particular 
plant was chosen because it is a suitable host with roots 


1 Accepted for publication October 8, 1953. 

This study was carried out under a fellowship at the 
Naval Medical Research Institute, Bethesda, Md. Acknowl- 
edgement is made to Dr. Clay G. Huff for laboratory ar- 
rangements and kindly counsel. 

The opinions or assertions contained herein are the 
private ones of the writer and are not to be construed as 
official or reflecting the views of the Navy Department or 
the naval service at large. 

2 Assoc. Nematologist, Division of Nematology Investi- 
gations, Bureau of Plant Industry, Soils, and Agricultural 
Engineering, Beltsville, Md. 

3 Obtained through the courtesy of Dr. H. B. Cordner, 
of the Oklahoma Agr. Exp. Sta., Stillwater, Oklahoma. 
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that survive the handling process and is easily propa- 
gated by cuttings. The cuttings are grown in vermicu- 
lite under fluorescent light. In preparation for the 
inoculum, each cutting is washed thoroughly to remove 
the vermiculite and 3 roots are marked with India 
ink close to the stem. The larvae are then placed, 1 
to each marked root, several mm. below the mark. A 
glass loop is used to handle the nematodes to protect 
the larvae from desiccation. As soon as the cutting 
has received its inoculum it is planted in vermiculite 
in a pint carton of paraffined cardboard which is dis- 
carded at the end of each generation, thus eliminating 
the labor of sterilization. Several variations of the 
technique have been used, designed to guard against 
desiccation of the roots and of the larvae, but none 
have proven superior to the one described. When the 
exposed plants are removed from the vermiculite for 
collection of the egg masses, the roots are washed 
and examined at 30 X magnification. The galls have 
appeared, with few exceptions, at the very site of 
exposure to the larvae. 

Line I began on January 13, 1952, as an egg mass 


from a gall on the root of a Marglobe tomato. The 
gall contained both a male and a female. Isolations 


on Allgold sweet potatoes yielded the parental genera- 
tion, or P-1. The offspring of this isolation, or F-1, 
were set out on plants of Allgold sweet potato, Hen- 
derson Bush bean, and Coleus sp. These were used 
in studying the variability of the cuticular pattern 
(3). An mass from the bean plant provided 
larvae for the F-2 generation on Allgold sweet potatoes 
and the line has been passed continuously on the 
latter host since that time. In the F-3 generation, the 
line was separated into 2 sublines, I-] and I-2. Fig. 1 
presents the record of infectivity. A total of 1099 
roots were exposed to single larvae; 771 survived the 
experimental period, and of these 13 per cent had 
galls. At each transfer after the F-3, approximately 
50 roots were inoculated, 3 to a cutting. Many roots 
died during the time necessary to permit the egg 
masses to be fully formed. Calculations of infectivity 
were made using the number of roots with galls among 
those which survived. The numbers on the 
graph next to each point in Fig. 1 represent the actual 
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number of surviving roots and the points represent 
the percentage of these with galls. All the points on 
the graph represent infectivity on sweet potato alone. 
From the data it is not possible to state whether the 
presence of the nematode increased the chance of 
death of the individual root. It is evident that there 
is no significant difference in infectivity between Line 
I-1 and Line I-2. It is too early in the history of the 
lines to know whether the parallel fluctuations in in- 
fectivity of the 2 sublines are significant. At each 
transfer, the unused larvae from the egg mass of the 
previous generation are inoculated into a sweet potato 
plant to guard against the possible loss of the line. 
Males do not occur in such infections so that the 
line may be recovered in the event of loss, as occurred 
at the twelfth transfer of Line I-1. 

Line E 56 resulted from an attempt to breed nema- 
todes of a particular morphological type. In studies 
of the cuticular pattern in the perineal region, several 
infrequent variants of the usual pattern were en- 
countered. Type E was described in a previous report 
(3), in which it was shown that this pattern recurred 
with a high frequency among the offspring of a parti- 
cular female. This original line died out and a search 
among the stock nematodes revealed a few females 
of the desired type. Four separate attempts to estab- 
lish lines by single larva exposures of sweet potatoes 
yielded only 1 line that survived beyond the F-2 gen- 
eration. This line, E-56, is currently in the F-7 gen- 
eration. The record of its infectivity is presented in 
Fig. 1. 

INFECTIVITY.—Measurements of infectivity were un- 
dertaken with several motivations. A rapid quantita- 
tive assay of infectivity would be useful to plant breed- 
ers in the development of resistant varieties of hosts. 
The resistance of a host to its parasite may act at 
many levels, of which the initial encounter and pene- 
tration is the first. An accurate measure of infectivity 
permits an estimation of the importance of various 
factors in the ecology of the parasite, such as excre- 
tions from the roots of plants, the physical and chemi- 
cal conditions of the soil, and the effects of nematode 
population density. There are statements in the litera- 
ture that host plants are not all equally attractive to 
the larvae of the root-knot nematodes (2,7). Finally. 
strains of helminths are known among the animal para- 
sites which differ in infectivity, and it was considered 
likely that this would be a useful character in genetic 
studies (4,8). 

Most experiments were made with young seedlings 
of Marglobe tomato and Improved Long Green Cucum- 
ber. In addition a limited series of exposures of other 
hosts are reported. The larvae were all M. incognita 
var. acrita, from several sources. Since a great amount 
of variability was encountered among the trials, no 
attempt has been made to demonstrate differences be- 
tween nematodes of the same species but of different 
pedigrees. Such differences will only be demonstrable 
when the technique of measurement is refined. 


In the first series of exposures. larvae in groups of 
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25 were placed in close proximity to the tip of the 
growing seedling; in the second series, the larvae were 
placed next to the tip one at a time. Seeds of tomato 
and of cucumber were germinated in the dark on 
moist filter paper in Petri dishes at 27° + 1°C. until 
the root was 1-2 in. long. The plants were then trans- 
ferred individually to Petri dishes containing a source 
of moisture. At first this was supplied by a layer of 

per cent agar, but later moistened filter paper was 
found to be equally satisfactory. After some pre- 
liminary variations in technique, the following system 
was used for the exposures. A drop of water contain- 
ing the larvae (always freshly hatched within the 
preceeding 24 hours) was transferred from the micro- 
culture dish to the center of a clean circular cover 
slip by means of a micropipette. Twenty-five larvae 
were counted under 30 magnification. The excess 
water was drawn off, until the diameter of the drop 
containing the larvae was approximately 4 mm. Then 
a drop of % per cent agar was added by means of 
a 1 ml. hypodermic syringe to prevent the rapid dry- 
ing of the larvae. After practice, this technique per- 
mitted the operator to prepare a cover slip containing 
25 larvae in less than 2 minutes. The cover slip was 
then placed on the filter paper in the Petri dish with 
the drop uppermost, and the tip of the seedling placed 
in the drop. The preparation was transferred to the 
incubator, and removed after 24 hours. By this time 
the drop of water and agar had completely dried, and 
the root had grown beyond the cover slip. Roots were 
individually prepared for counting by the lactic acid, 
carbol fuchsin method (5). Counts of larvae within 
the roots were made at 100 and 200 magnifica- 
tion. 

Exposures to single larvae followed the technique 
of the propagation of the lines, with some modifica- 
tions. In some cases, the individual larvae were trans- 
ferred directly to the root tip by means of a glass loop. 
In others, the larvae were placed on a cover slip and 
covered with semi-fluid agar. In both cases the seed- 
lings were handled as above. Since there was no 
apparent difference in penetration among series of the 
2 methods, both are considered together. The method 
using a glass loop to transfer the nematodes to the 
cover slip is especially rapid. 

Results of exposures of roots to groups of 25 larvae 
are in Table 1. Tomato is a less favorable host under 
these conditions than cucumber. The variability of 
the results is great so that in any given series of 
exposures, 1 root might contain 10 larvae, while the 
next root has none. Three sources of variability seem 
likely, namely 1) variations in the physical conditions 
from one exposure to the next; 2) variations in the 
roots; and 3) variations in the larvae. Efforts were 
made to control each of these by standardizing the 
temperature and amount of moisture in the dishes and 
controlling the size of the drop, by choosing roots of 
the same length within narrow limits, and by using 
larvae from some of the lines of nematodes. The 
data presented represent the entire experience, since 
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roots. * The numbers in parentheses next to each point on the graph refer to the actual number of surviving roots. 


there was no appreciable reduction in variability with 
any of these modifications. 

A limited series of exposures of other seedlings to 
25 larvae each of M. incognita var. acrita was under- 
taken when it became obvious that the tomato was not 
an especially favorable host. Six hosts were tested, 
including 2 varieties of beans (Kentucky Wonder and 
a variety under development as resistant to root-knot 
at the Bur. Plant Ind., U.S.D.A., Beltsville, Md.), 
Summer Squash, Hale’s Best muskmelon, and Perkins 
Spineless Okra. Altogether 31 
The highest returns (62 per cent penetra- 


seedlings were ex- 
amined. 


tion) occurred in Summer Squash, and the lowest 


} 


(5 per cent penetration) in the resistant bean.  Al- 


TasLe 1.—Infectivity of larvae in seedlings of Marglobe 
tomato and Improved Long Green cucumber exposed to 


25 larvae each 


Improved 


Marglobe Long Green 
tomato Cucumber 

Number of roots with 0 larvae 50 
Number of roots with 1-5 larvae 30 10 
Number of roots with 6-10 larvae 10 
Number of roots with 11-15 larvae 5 12 
Number of roots with 16-20 larvae 3 
Number of roots with 21—25 larvae 0 8 
Total number of roots 98 49 
Mean number of larvae per root 

+ 3.2. 2.7 + 42 12.3 + .96 


Percentage of larvae exposed 


that entered 1] 49 


though the series is small, it is suggestive that real 
differences exist in this aspect of the host-parasite re- 
lationship among host plants. It is premature to state 
however, that such differences are important in de- 
termining the performance of the plants under field 
exposure to infection. 

Results of the exposures to a single larva are in Table 
2. Most of the seedlings were exposed to larvae from 
the eleventh passage of the line that had been passed 
through single larvae at each generation, and the rest 
were exposed to larvae from a related line of nema- 
todes. The same microculture dish provided the inocu- 
lum for the tomato and cucumber seedlings, as well 
as for the controls. Results are comparable to the 
previous series, in that the cucumber seedlings are 
much more susceptible to infection, whether exposed 


Taste 2.—Infectivity of larvae in seedlings of Marglobe 
tomato and Improved Long Green cucumber exposed 
to single larvae 


Single larva exposures Tomato Cucumber 
Number of roots exposed 88 38 
Number of larvae in roots 3 20 
Percentage of larvae exposed 

that entered wee 3 53 
Control series—25 larvae 

exposures 
Number of roots exposed 15 
Number of larvae in roots 28 65 
Percentage of larvae exposed 

that entered 7 43 
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Fic. 2-3. Fig. 2. Photograph of a tomato root contain- 
ing 18 larvae at 96 hours after exposure.—Fig. 3. Tracing 
of the tomato root shown in Fig. 2, indicating the method 
of measuring gall area. 


to 1 larva at a time or to 25 larvae at once. Calcula- 
tions of the significance of the difference between the 
means show that the difference between the numbers 
of larvae in cucumber seedlings and tomato seedlings 
are not the result of errors of sampling. The differ- 
ences between cucumber seedlings exposed to 1 larva 
at a time and to 25 larvae at a time are not significant, 
whereas the differences between tomato seedlings ex- 
posed to 1 larva at a time and to 25 larvae at a time 
are possibly significant (P=.02). Since single larva 
exposures are more easily performed, this is a useful 
way to measure infectivity in any host-parasite com- 
bination of the root-knot nematodes. 

GALL sizE.—Along with the studies on infectivity, 
measurements of gall size were made. Roots of heavily 
infected plants are often so severely damaged that the 
individual galls coalesce into amorphous masses con- 
taining large numbers of nematodes. In the single 
larva infections, it was noted that the galls on tomato 
were all of about the same size. This led to the hy- 
pothesis that each nematode produces a finite response 
on the part of the plant, and that the response is con- 
fined to the immediate vicinity of the parasite. If this 
is true, then it should be possible to predict the num- 
ber of larvae within a gall by measuring the size of 
the gall. 

The galls in this series were obtained from the 
experiments on infectivity. The seedlings were grown 
on 2 per cent agar in Petri dishes. At various intervals 
after exposure the roots were photographed with a 
35 mm. Exacta camera with the 5.8 cm. lens on a 
bellows extension, to give 3 magnification on the 
negative. The illumination was from behind the Petri 
dish to give a maximum contrast. The Eastman Plus 
X film was developed for high contrast, and tracings 


of the galls were made by projection through an 
enlarger. The galls were labelled by placing a small 
piece of graph paper (Dietzgen Number 340) on the 
agar next to the gall. This permitted the enlargements 
to be made to the same scale. The tracings were then 
measured with a planimeter to give relative areas. 
Fig. 2 is a photograph from one of the negatives of 
the series, and Fig. 3 is the tracing from this photo- 
graph. The following method of measurement of gall 
size was adopted. The limits of the gall were deter- 
mined by inspection. A projection of the margins of 
the unenlarged root was drawn through the outline of 
the gall so that the planimeter measurements yielded 
the difference in area between the unenlarged root 
and the gall. This difference, representing the in- 
crease in size of the root is called “gall area” in the 
figures. The galls were roughly symmetrical, but no 
attempt was made to calculate volume increase at this 
early stage in the investigation. Results are in Fig. 4 
and 5. The conversion factor for the planimeter is: 50 
planimeter units = 5 cm.” on the tracings, and .00365 
cm.” on the root. 


Some determinations of the accuracy of the method 
were made by rephotographing and redrawing the 
same galls. Errors of measurement may occur at 
several points, either in the enlargement to scale, the 
tracing of the projected image, the subjective choice 
of the limits of the galls, or in the planimetry. Errors 
in planimetry were minimized by taking the average 
of 3 readings for every value used. Three galls were 
rephotographed and redrawn to check on the accuracy 
of the technique. The maximum difference in measure- 
ments for an individual gall was 8 planimeter units. 
Since the data on gall size in relation to number of 
larvae involve differences of much greater magnitude, 
the method is sufficiently accurate for the present 
purposes. 

Fig. 4 and 5 are 3-dimensional graphs of gall areas 
in relation to number of larvae per gall and number 
of hours after exposure. The height of each column 
represents the mean value for a particular number at 
a particular time after expusure. The galls enlarged 
with age and with increasing numbers of larvae. The 
most numerous readings were taken at 96 hours after 
exposure because in the tomato, growth was still ac- 
tive under the conditions of the experiment, whereas 
by 120 hours the roots of many of the seedlings had 
ceased to elongate. In the cucumber, growth con- 
tinued beyond 120 hours. There is a good correlation 
between number of larvae in the root and the area of 
the gall, but the relation is probably not a linear one.* 
This is shown in Fig. 6 where all the values at 96 hours 
are plotted. In the cucumber especially, it is obvious 
that the galls containing from 8 to 16 nematodes are 
of about the same area. Growth of some of the in- 


+The values for the coefficients of correlation between 
gall areas and numbers of larvae are as follows: Tomato at 


96 hours, r = + .86; at 120 hours, r = + .85. Cucumber 
at 72 hours, r = + .88; at 96 hours, r = + .69; at 120 
hours, r = + .88; and at 140 hours, r + 88. All these 


values are significant. 





1954 | DROPKIN: ROOT-KNOT NEMATODE STUDY 47 





SCALE I 250 PLANIMETER UNITS 












































GALL AREA IN PLANIMETER UNITS 








13 14 15 16 17 18 
NUMBER OF LARVAE 


Fic. 4. Gall areas in relation to number of larvae and time after exposure in roots of Marglobe tomato seedlings. 
(The numbers in each block indicate the number of roots for each point on the graph. Thus the value for galls con- 
taining 1 larva at 48 hours after exposure is 18 planimeter units, which is the mean of 7 specimens.) 
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dividual galls was followed. In tomato, 3 single-larva increase in size until 140 hours when the observations 


galls showed no growth from 48 to 120 hours although 
the root continued to elongate beyond the 96 hour 
period. In cucumber, while 5 galls with 1 or 2 larvae 
showed little or no growth, 3 larger galls continued to 


ended. 

A variety of conditions may stimulate the local 
swelling of a root. It was interesting, therefore, to 
encounter some local swellings in tomato roots ex- 
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Fic. 5. Gall areas in relation to number of larvae and time after exposure in roots of Improved Long Green cucum- 
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Fic. 6. Gall areas in Marglobe tomato and Improved Long 
Green cucumber seedlings at 96 hours after exposure to 
larvae. 


posed to larvae which were considered to be incipient 
galls; examination of the roots, however, showed that 
they contained no larvae. A series of measurements 
was made by comparing the diameter through the 
“gall” with the average diameter of the root above 
and below the enlargement. These galls without 
larvae were significantly smaller than those with a 
single larva. The mean ratio of gall diameter to root 
diameter for the single larva galls was 1.40 + .013 
(S.E.) whereas the ratio for the swellings without 
larvae was 1.26 + .025. 

Discussion.—To study the influence of genetic fac- 
tors in the parasite upon the host-parasite interaction 
it is necessary to have some means of measuring the 
various phenotypes that will be encountered. The 
present paper considers 2 aspects of root-knot nema- 
tode infections in plants not previously measured. 
Reports of the susceptibility or resistance of a par- 
ticular host plant are commonly based on the _per- 
formance of the variety under conditions of high 
parasite density in the field or in the greenhouse. 
Plants are graded according to the gross damage and 
ranked in groups from highly susceptible to completely 
resistant. The establishment of a technique using 
counted numbers of parasites for exposure has re- 
vealed more subtle differences in infectivity between 
the tomato and cucumber than previously reported. 
With the use of seedlings exposed to a single larva it 
should be possible to eliminate many of the effects of 
environment upon the host plant which might influence 
its attraction to the larvae. In the field. and with 
unknown numbers of larvae, the vigor of the plant, the 
nature of the soil, the ability of the plant to tolerate 
damage from the parasite, and other factors may 
affect the final rating. When the young seedling is 
exposed to a definite number of larvae, however, there 
is less opportunity for environmental variations to 


affect the results. Under the conditions of the experi- 
ment the cucumber seedlings harbored more larvae 
than the tomato. We cannot assign a reason for this 
behavior yet, but suggest that it represents a genetic 
difference in the hosts that is subject to analysis. This 
technique might also be a tool for the investigation 
of various influences on larval performance, as e.g. 
diffusable substances from roots, the physical and 
chemical aspects of the environment, and the influence 
of the density of the population of larvae. There are 
many questions about the plant which require an 
answer for an understanding of the initial encounter 
between the host and parasite, and the use of large 
numbers of roots exposed to known numbers of larvae 
would seem to be the most promising experimental 
approach. 

A quantitative relation between the magnitude of 
the host response and the number of invading organ- 
isms is not peculiar to root-knot infections. There 
seems to be a response of a limited number of cells 
to a substance brought in by the larvae, or produced 
in situ, or abstracted from the plant. It should be 
possible to make extracts of the nematodes and to test 
these for gall inducing properties. The action seems 
to be entirely local on the cells of the root immediately 
surrounding the parasite, since in those cases of com- 
pound galls in which the nematodes were separated 
from one another by some distance, the root did not 
swell in the areas free of larvae (Fig. 2). The gall 
formation is probably the result of a separate action 
from that of the formation of giant cells, since giant 
cells without galls are found in infections with a re- 
lated nematode, Heterodera schachtii. 

In some of the roots, larvae were seen stretched out 
parallel to the long axis of the root, with no visible 
cellular response to their presence. It is logical to 
assume that these larvae had not yet stimulated the 
cellular hypertrophy. The records indicate that this 
was the case; thus in a sample of tomato roots at 96 
hours after exposure, there were 105 larvae in galls, 
and 28 larvae in unswelled portions of the roots. All 
the larvae in the unswelled portions of the roots were 
of the typical elongate shape of the infective stage, 
whereas many of the other larvae showed the increase 
in diameter which marks the first sign of growth. 
Another sample taken 24 hours later showed 91 larvae 
in galls, but only 1 larva not in a gall. Similar data 
are reported by Oteifa in a comparison of rates of 
growth of Meloidogyne incognita in plants on deficient, 
optimum, and excessive amounts of potassium (6). 
In his work, samples of 100 nematodes were counted 
in the roots and graded at 2-day intervals according to 
stage of development. The relevant fact here is that 
the percentage of larvae showing little or no growth 
declined steadily in all the experiments. Complete 
absence of the larvae showing little or no growth was 
first recorded at 30 days in the plants on deficient 
potassium, at 22 days in the plants on optimum potas- 
sium, and at 16 days in the plants on excessive potas- 
ium. No undeveloped larvae were seen in subsequent 
samples. It seems clear, therefore, that larvae found 
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unassociated with galls are not dead, but have not yet 
stimulated the response of the plant to their presence, 
since we cannot otherwise account for the steady de- 
cline and ultimate disappearance of these undeveloped 
larvae in the roots of infected plants. 

It seems that gall size depends not only upon the 
number of larvae per gall but also upon the species of 
plant and of nematode. Some spécies of plants pro- 
duce larger galls than others, and some have very 
reduced galls. In tomato infections, galls produced 
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in response to M. hapla are smaller than those in in- 
fections with the other species of root-knot nematodes 
(1). The measurement of galls in relation to number 
of larvae offers the possibility of approaching the na- 
ture of the reaction by the use of chemical agents to 
increase or decrease the response. 


NavaL MepicAaL RESEARCH INSTITUTE 
NATIONAL NAVAL MeEpICcAL CENTER 
BetHespa, MARYLAND 
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REPORT OF THE 45TH ANNUAL MEETING OF THE 
AMERICAN PHYTOPATHOLOGICAL SOCIETY 


The American Phytopathological Society held its 45th 
Annual Meeting on September 6-10, 1953, at the University 
of Wisconsin, Madison, Wisconsin, in conjunction with 
the American Institute of Biological Sciences. The Coun- 
cil met on September 6, 7, and 10 and business meetings 
took place on September 7 and 10. About 500 members 
and guests attended. A total of 202 formal papers was 
presented, consisting of 174 on original research and 28 
on various symposia. Joint were held with the 
American Institute of Biological Sciences, the Biometric 
Society (ENAR), The Mycological Society of America, 
and the Potato Association of America. The symposium 
jointly sponsored with the AIBS dealt with Cooperative 


sessions 


Agricultural Research in the Western Hemisphere. Con- 
ferences were held on Oak Wilt, the National Tomato 


Disease Screening Program, Stone Fruit Viruses, and Ex- 
tension. Original research papers, presented in 20 sessions, 
may be classified as follows: diseases of various crops and 
plants 91, viruses 29, fungicides 18, fungus genetics and 
physiology 17, physiology of diseased plants 11, and nema- 
tology 8. 

The annual dinner, held at the Loraine Hotel, was at- 
tended by 454 members and guests. Entertainment was 
furnished by the Chorus of the Madison Shriners. 

1953 To 1954 


ORGANIZATION, SEPTEMBER AUGUST 


Council: 

Georce F. Weser, President (1 yr.), Department of 
Plant Pathology, University of Florida, Gainesville, 
Florida 

HeLten Hart, Vice President (1 yr.), Department of 
Plant Pathology and Agricultural Botany, Uni- 
versity of Minnesota, University Farm, St. Paul 1, 
Minnesota 

GLENN S. Pounpb, Secretary (3 yrs., expires 1956), 
Department of Plant Pathology, University of Wis- 
consin, Madison 6, Wisconsin 


SauL Ricu, Treasurer (3 yrs., expires 1955), Connecti- 
cut Agricultural Experiment Station, P. O. Drawer 
1106, New Haven 4, Connecticut 

W. C. Price, Editor-in-Chief, PHyropaATHOLOoGcY (3 yrs., 
expires 1954), University of Pittsburgh, Pittsburgh 
13, Pennsylvania 

James H. Jensen, President Elect, Plant Pathology, 
North Carolina State College, Raleigh, North Caro- 
lina 

James G. Dickson, Retiring President, Department of 
Plant Pathology, University of Wisconsin, Madison 
6, Wisconsin 

Greorce W. Fiscuer, Councilor-at-Large (2 yrs., ex- 
pires 1954), Department of Plant Pathology, State 
College of Washington, Pullman, Washington 

Paut R. Mitver, Councilor-at-Large (2 yrs., expires 
1955), Plant Disease Survey, United States De- 
partment of Agriculture, Plant Industry Station, 
Beltsville, Maryland 

S. J. P. Cuttron, Councilor Southern Division, Depart- 
ment of Botany, Bacteriology and Plant Pathology, 
Louisiana Agricultural Experiment Station, Lou- 
isiana State University, Baton Rouge 3, Louisiana 

E. W. Hanson, Councilor North Central Division, De- 
partment of Plant Pathology, University of Wis- 
consin, Madison 6, Wisconsin 

W. B. Hewitt, Councilor Pacific Division, Division of 
Plant Pathology, University of California, Davis, 
California 

F. O. Hotmes, Councilor Northeastern Division, Rocke- 
feller Institute for Medical Research, 66th St. & 
York Ave., New York 21, New York 

W. J. Zaumeyer, Councilor Potomac Division, United 
States Department of Agriculture, Plant Industry 
Station, Beltsville, Maryland 

Representatives: 
A.A.A.S. Council. P. 


R. Minter (1953-1954), G. L. 
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McNew (1954-1955). 

American Institute of Biological Sciences. J. G. Dicx- 
SON (4 yrs., expires June 30, 1958). 

Agricultural Research Institute, National Research 
Council. W. F. Jerrers; E. L. LEC were, alternate. 

Division of Biology and Agriculture, National Research 
Council. S. J. P. CHILTON. 

Food Protection Committee, Food and Nutrition Board, 
National Research Council. G. L. McNew. 

National Science Foundation, Committee for Travel 
Grants. J. C. WALKER. 

Board of Editors, American Journal of Botany. W. C. 
PRICE. 

American Type Culture Collection. H. H. MCKINNEY. 

Associates Food and Container Institute. H. H. THorn- 


BERRY. 

Biological Stain Commission, Board of Trustees. G. H. 
CONANT. 

Inter-Society Committee on Cooperation. S. J. P. 


CHILTON. 


Standing Committees: 

Donations and Legacies 
FREEMAN Weiss, Chr.; N. J. Gippines, P. P. Prrone, 
W. H. TIspAte. 

Extension 
C. E. Scott, Chr.;: A. H. Baver, C. F. Bisuop, S. B. 
FeNnNE, R. J. HAsKett, J. E. Livineston, E. G. SHAR 
VELLE, ARDEN SHERF, L. O. WeEAveER, J. C. WELLs. 

Finances and Investments 
R. H. Wettman, Chr.; A. E. Dimonp, Saut Ricu (ex 
officio), W. H. TispAte. 

International Cooperation 
E. C. STAKMAN, Chr.; A. A. Brrancourt, K. S. CHEs- 
TER, G. H. Coons, CAartos Garces O, W. F. HANNA, 
J. G. Harrar, Lee Linc, H. A. Ropenuiser, J. A. 
STEVENSON, FREEMAN Welss, F. L. WELLMAN. 

Phytopathological Classics 
C. W. Booturoyp, Business Manager; L. C. Knorr, 
Editor; W. C. Price (ex-officio), K. F. Baker, J. G. 
LEACH. 

Placement 
E. E. Honey, Chr.; S. J. P. Cuitton, M. W. Garpner, 
R. J. Haskeit, L. S. Hitcuner, R. S. Kirsy, L. M. 
Massey, H. A. RoDENHISER. 

Public Relations 
P. R. Mitver, Chr.; G. H. Heptinc, J. D. Moore, G. K. 
Parris, ARDEN SHERF, THOMAS Sproston, R. A. 
Younc, G. A. ZENTMYER. 

Plant Disease Prevention 
E. B. Lampert, Chr.; S. B. FrAcker, J. G. Leacu, 
P. R. Mitier, E. C. STAKMAN, RUSSELL STEVENS. 

Regulatory Work and Foreign Plant Diseases 
E. G. Rex, Chr.: C. R. Orton, G. L. Strout, L. O. 
Weaver, W. H. Wueecer, R. P. Waite. 

Seed and Plant Material Certification 
Joun Harbison, Chr.: C. H. Arnot, K. F. BaKker, 
Wayne Bever. Retrner Bonpe. L. C. Cocuran, J. T. 
MippLeton, W. H. WHEELER. 


Special Committees: 

Fungicide Colloquium 
L. G. Utter, Chr.; S. I. Conen, J. W. Heusercer, L. S. 
Hitcuner, R. H. Wetiman, J. D. WILson. 

Fungicide Nomenclature 
G. A. Zentmyer, Chr.: J. W. Heupercer, H. L. Ker, 
Curt Lepen, D. W. Powe tt, B. L. Ricwarps, Jr., E. A. 
WALKER. 

Industrial Relations 
R. H. Wetximan, Chr.; C. J. Krister, L. G. Utter, 
F. L. Winter, S. G. YOUNKIN, 

Membership 
J. R. Suay, Chr.; J. J. Curistensen, W. J. Hooker, 
ArtHuR KELMAN, THOR KOMMEDAHL, CurT LEBEN, 
Sau Ricu (ex-officio), P. M. Stmmonps, C. E. Yar- 


Wwoobn. 


Nomenclature and Classification of Plant Viruses 
L. C. Cocuran, Chr.; C. W. Bennett, K. W. Kreit- 
tow, H. H. McKinney, FranK McWuorter, A. F. 
Ross, FREEMAN WEIsS. 

Subcommittee on Virus Type Culture Collection 
H. H. McKinney, Chr.; R. W. Furton, T. J. GRAnt. 

Publication of Special Material 
E. L. LeCverc, Chr.; W. H. Braconter, J. J. CHRISTEN- 
sEN, G. L. McNew. 

Teaching of Plant Pathology 
W. H. Braconter, Chr.; M. F. Kernkamp, J. G. LEacu, 
L. D. Leacu, W. C. Pappocx, J. R. SHay, THoMAs 
Sproston, H H. Tuorneerry, G. F. WEBER. 

Utilization of Plant Pathologists and Facilities in National 

Emergencies 

H. H. TuHornperry, Chr.; A. L. ANnperson, H. T. 
Cook, M. F. Kernxamp, C. H. Kincsotver, J. G. 
Leacu, C. L. Lerepvre, H. Rex THOMAs. 

Temporary Committees: 

Fungus Nomenclature VIII International Botanical Congress 
J. A. Stevenson, Chr.; J. H. Mitter, C. G. SHaw, W. 
C. SNYDER. 

4dvisory Committee on Collecting and Disseminating Data 
on New Fungicide Tests 
L. G. Urrer, Chr.; J. W. Heupercer, P. R. Miirer, A. 
G. NEwHALL, R. H. WELLMAN. 


Report of the Secretary. On September 1, 1953, the 
total membership was 1,658, consisting of 17 Sustaining 
Associates, 127 Life members or Patrons, 11 Emeritus mem- 
bers, 3 members both Life and Emeritus, 1,301 Annual 
members and 199 Student members. Included were 167 
applicants for membership, composed of 61 Annual and 
106 Student members. Reports were received of the death 
of 5 members: Conley V. Lowther, B. B. Mundkur, C. 
Audrey Richards, Bert A. Rudolph, and Hermann von 
Schrenk (charter). 

The first Directory of the Society was compiled and was 
published as Section 2 of the May issue of PHyToPpATHOL- 
ocy. A description of the contents is given in the Report 
of the Editor-in-Chief. 

S. E. A. McCatian, Secretary. 


Report of the Treasurer. Statement of account for the 
fiscal year July 1, 1952—June 30, 1953. 


Receipts : 


Balance on hand, July 1, 1952 $7,769.29 
Membership Dues 2,554.00 
Total Receipts $10,323.29 
Expenditures: 
Office of the Secretary $ 784.90 
Office of the Treasurer 600.72 
Dues to A.I.B.S. 1,000.00 
Expenses, Placement Committee 100.52 
Expenses, Annual Meeting (Ithaca) 581.51 
Total Expenditures 3,067.65 
Balance on hand, June 30, 1953 $7,255.64 


Sau Ricu, Treasurer. 


Report of the Business Manager for Phytopathology. 
Statement of account for fiscal year July 1, 1952-June 30, 
1953. 

Receipts: 


Balance on hand, July 1, 1952 $25,569.16 
Subscriptions and member-subscrip- 

tions 22,459.69 
Advertisements 3,041.54 
Reprints & Excess Illustrations 5,142.81 
Sales of Back Issues 1,942.70 
Sustaining Associate Memberships 2,366.00 
Donation, Rockefeller Institute 600.00 
Interest on Investments 689.23 
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Total Receipts $61,811,13 


Expenditures: 
Manufacture & Distribution of 


PHYTOPATHOLOGY $17,406.72 


Cost of Reprints 1,741.20 
Office of the Business Manager 926.26 
Office of the Editor-in-Chief 2,575.79 
News Letter 3.48 
Office of the Advertising Manager 346.74 
Donation to Phytopathological 

Classics 850.00 
Cost of New Investments 22,693.03 
Collector of Internal Revenue 753.91 
Refunds 305.76 
Miscellaneous 5.60 


Total Expenditures 


$47,608.49 


$14,202.64 


Sau Ricu, Business Manager. 


Balance on hand, June 30, 1953 


Sinking Fund: 

This fund is made up principally of money received for 
Life Memberships. Dividends shown are for current year 
only and have been placed in the PHyropaTHoLocy Con- 
tingency Fund. The New Haven Savings Bank account in- 
cludes the sum of $71.00, representing a donation from Dr. 
George L. McNew of the amount of his travel expense to 
the Ithaca meeting. 

U. S. Savings Bond, Series G (242%) (Interest 


$25.00) $ 1,000.00 
U. S. Savings Bond, Series F (at maturity) 1,150.00 
Northwestern Fed Sav. & Loan Ass’n_ (certifi- 

cate) (Div.—$60.00) 2,000.00 
Family Finance Corp., common stock, 7 sh at 

par. (Div.—$9.80) 7.00 
Westinghouse Electric Co., common stock, 22 sh 

at cost (Div.—$44.00) 849.08 
Standard Oil of Ohio, common stock, 50 sh at cost 

(Div.—$120.00) 2,018.65 
Amer Cyanamid Co., common stock, 20 sh at cost 

(Div.—$80.00) 2,160.47 
Johns-Manville, common stock, 25 sh at cost 

(Div.— $106.25) 1,664.27 
New Haven Savings Bank, on deposit (Interest 

$0.70) 184.78 

Total $11,034.25 


Lyman Memorial Fund: 

These 2 investments were made with money contributed 
to the Lyman Memorial Fund; dividends shown are for 
current year only, and have been placed in the PuHyTo- 
PATHOLOGY Contingency Fund. 

Westinghouse Electric Co., common stock, 35 sh 


at cost (Div. $70.00) $ 1,350.81 
Amer Telephone & Telegraph, common stock, 13 

sh at cost (Div.—$144.43) 2,055.13 

Total $ 3,405.94 


Phytopathology Contingency Fund: 

This fund is a fluid reserve which receives dividends and 
interest from the Sinking Fund and Lyman Memorial 
Fund. In addition, it contains investments purchased with 
excess funds from the regular PHYTOPATHOLOCY account. 
Interest or dividends shown are for current year only, and 
remain in the respective accounts. The Southern Fed. 
Sav. & Loan Ass’n account was bought too late in the fiscal 
year to declare interest during this period. 

Johns-Manville, common stock, 7 sh at cost (Div. 
$29.75) .$ 466.00 


Jefferson Fed Sav & Loan Ass’n_ (Interest— 


$20.21) 690.07 
District Bldg & Loan Ass’n (Interest—$60.59) 2,065.65 
Perpetual Bldg & Loan Ass’n (Interest—$40.38) 1,380.32 
Arlington & Fairfax Sav & Loan Ass’n (Interest— 


$115.29) as 9,368.45 
Prudential Bldg Ass’n (Interest—$13.36) 464.48 
Arundel Fed Sav & Loan Ass’n_ (Interest— 

$162.25) 5 aoe eos . 9,913.98 
Southern Fed Sav & Loan Ass’n 8,000.00 

Total $32,348.95 


Sau Ricu, Business Manager. 


Report of the Auditing Committee for the Fiscal Year, 
July 1, 1952 to June 30, 1953. 

On July 16, 1953, an examination was made of the books 
of The American Phytopathological Society and of PHyto- 
PATHOLOGY covering the period indicated above. All re- 
ceipts, expenditures, and funds, were found to be accurate- 
ly recorded and in order. 

Signed: James G. HorRSFALL, 
A. E. Drmonp. 


Report of the Advertising Manager. During the first 
9 months, 66.5 pages of ads in PHyYTOPATHOLOGY carried 
83 advertisements. Advertisers paid $3,155.33. The income 
to the Society after deduction of agency commissions and 
cash discounts to advertisers was $2,856.47. Twenty-four 
and 1% pages are under contract for 30 advertisements for 
the last 3 months. The estimated gross income from these 
will be $1,153.47, and the income after deductions of agency 
commissions and cash discounts is expected to be $1,064.89. 
The gross income for the 12 months is estimated to be 
$4,308.80, and the income after deductions is expected to 
be $3,921.36. 

Nine advertisers carried 9 pages of advertisements in the 
Directory issue. The gross income was $415.58 and income 
after deductions was $392.82. 

Estimated expenses of the advertising manager, tele- 
graph and postage $50.00, clerical assistance $82.00, and 
commission $381.42, are $513.42. 

Total income to the Society will be approximately $3,- 
800.66. 

LEONARD J, ALEXANDER, Advertising Manager. 


Report of the Editor-in-Chief. From October 1952 
through September 1953, PHyTopaTHoLocy published 710 
pages of technical material, 6 pages of News, and 96 pages 
of advertising matter. Included in the technical material 
were 137 articles, 26 Phytopathological Notes, 12 papers 
from the Symposia of the 1952 Annual Meeting, 4 obitu- 
aries, 6 book listings, 1 announcement, the Report of the 
44th Annual Meeting of the Society, the abstracts for the 
45th Annual Meeting, the Report and 13 abstracts of the 
1952-53 Winter Meeting of the Northeastern Division, the 
Report and 36 abstracts of the 1953 Meeting of the South- 
ern Division, and the Report and 22 abstracts of the 1953 
Meeting of the Potomac Division. The Report and ab- 
stracts of the 1953 Meeting of the Pacific Division will be 
printed in the October 1953 issue. 

PHYTOPATHOLOGY also published a Directory as Section 
2 of the May issue. The Directory was prepared by the 
Secretary and was edited in the office of the Editor-in- 
Chief. It contained: an introduction and analysis of mem- 
bership; names of the 130 Charter Members of the Societv; 
names of members who had died since publication of the 
1948 List of Members; names of Past Officers, Editors-in- 
Chief, and Councillors; organization of the Society for 
1953; names, addresses, and specialties of the members; a 
geographical list of members; and the Constitution of the 
Society as revised to March 15, 1953. In addition to this 
material, the Directory contained 9 pages of advertising 
matter. 

The first 9 issues of volume 43, excluding the Directory, 
contained 536 pages as compared to 512 pages in the first 
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9 issues of volume 42. This increase of 24 pages was more 
than accounted for by the 65 pages used in printing the 
Special Symposium papers, but did require printing extra 
16-page signatures in the May and September issues. It 
might appear from these figures that authors contributed 
fewer pages describing original research in 1953 than in 
1952. However, there is at present a backlog of 12 papers 
more than at a comparable time last year. From this it is 
estimated that authors contributed about as much original 
research in 1953 as in 1952. Efforts are being made to use 
the backlog to insure publication of each issue about the 
15th of the month instead of the last of the month as at 
present. Extra pages will, however, be used when neces- 
sary to keep the backlog of manuscripts at a minimum. 

On August 10, 1953, 12 manuscripts were in the hands of 
reviewers, 4 in process of editing after approval by re- 
viewers, 13 returned to authors for revision, 25 in press, 
and 17 in galley proof. During the year, 17 manuscripts 
were rejected by the editors or withdrawn by authors. 

In 1952, PHYTOPATHOLOGY increased the charges for 
reprints as a means of offsetting part of the cost of printing 
the Journal. Despite the reluctance of a few institutions to 
purchase reprints at the new rates, institutions and authors 
purchased reprints of 169 of the 179 technical articles pub- 
lished during the period covered by this report. 

It is the desire of the Editors to make the pages of Puyto- 
PATHOLOGY serve as many members of the Society as possi- 
ble. To achieve this goal it will be necessary for authors to 
condense their manuscripts more than is the practice at 
present. This can be done by elimination of unnecessary 
words and phrases, elimination of long literature reviews, 
substitution of graphs or charts for complex tables, avoid- 
ance of repetition, especially of data mentioned both in 
table and in text, and judicious arrangement of illustrations 
to fit the page dimensions of the Journal. The Editors are 
studying ways and means by which such condensation can 
be attained. 

Again it is my privilege to thank the Rockefeller Insti- 
tute for Medical Research and the Sustaining Associates 
for their financial assistance, and to express appreciation 
to Mr. John Ferguson, 3rd, and Staff of Monumental Print- 
ing Company for the excellent service rendered, to the 
Editors and Associate Editors for their help, to the Business 
Manager and officers of the Society for their cooperation, 
and to Mr. and Mrs. Wilson S. Borland for their editorial 
assistance. I am especially grateful to Dr. Walter F. Jef- 
fers for supervising the indexing of volumes 42 and 43. 


W. C. Price, Editor-in-Chief. 


Report of the Editor of News. Through generous assis- 
tance from the Editor-in-Chief and officers of the Society, 
there was no dearth of news to fill the space allotted in the 
Journal. The Editor has received encouragement from time 
to time indicating that publication of a news section is ap- 
preciated by the membership. It has been a revelation to 
many of our younger members and students to learn of the 
honors accorded some members of our Society. When these 
items are publicized in “News” we can all share in the 
satisfaction that our profession is being recognized and 
esteemed. 

K. W. Kreittow, Editor. 


Report of the Business Manager of Phytopathological 
Classics for the fiscal year, October 1, 1952 to Septem- 
ber 30, 1953. The number of copies of Phytopathological 
Classics sold during fiscal year was 486, having a total 
value of $595.50. Sixteen copies (No. 9) were sent gratis: 
10 complimentary copies to L. R. Tehon and 2 to Gabriele 
Goidanich: 1 for review to Commission Internationale, 
Paris; Commonwealth Bureau of Plant Genetics, Cam- 
bridge; Royal Botanic Gardens, Kew, Surrey; and Library 
of Congress, Washington, D. C. Number of classics on 
hand September 30, 1953: No. 1, none; No. 2, 23; No. 3, 
85; No. 4, 155; No. 5, 382; No. 6, 438; No. 7, 388; No. 8, 


572; No. 9, 807. 
Receipts: 
Cash balance on October 1, 1952 $ 877.87 
Received during fiscal year 1952-53 
Appropriation from Amer- 
ican Phytopathological 
Society = $ 850.00 
From sale of classics 595.50 
On accounts due in previ- 
ous fiscal years 


75 1,446.25 $2,324.12 


Disbursements: 
Printing of Classic No. 9. $1,719.43 


Advertising and postage 185.76 
Refund on overpayment for 

classics 1.50 
Service charge on checks 85 $1,907.54 

Cash balance on Septem- 

ber 30, 1953 416.58 $2,324.12 

Due on accounts September 30, 1953 

Present fiscal year $ 134.50 

Previous fiscal year 23.50 

Total due on accounts $ 158.00 


Cart W. Booturoyp, Business Manager. 


Report of the Editor of Phytopathological Classics. 
The year 1952 saw publication of the ninth volume of 
Phytopathological Classics: Giovanni Targioni Tozzetti’s 
“True nature, causes, and sad effects of the rust, the bunt, 
the smut, and other maladies of wheat, and of oats in the 
field,” which is Part V of the ALimurcia or the “Means of 
rendering less serious the dearths proposed for the relief 


of the poor.” This milestone in the history of plant pathol- 
ogy was originally published in Italian during the Eight- 


eenth Century, but lay in relative obscurity until brought 
to present-day light by the modern printing in Italian of 
Professor G. Goidanich. It is from his 1943 edition that 
the frontispiece portrait of Tozzetti and the identification of 
figures in the plate of drawings in PC-9 were taken, as was 
the foreword evaluating the place in phytopathological his- 
tory of the Atimurcia. In addition Professor Goidanich 
made available his biographical study “Life and works of 
Giovanni Targioni Tozzetti.” For these contributions and 
for the original impetus which led to the English edition 
of the ALImt RGIA, Professor Goidanich deserves the appre- 
ciation of all those who come to enjoy or benefit from a 
reading of PC-9. One other note of acknowledgment is due 
the translator, Dr. Leo R. Tehon, whose labors in producing 
a very readable text have opened the ALimuRGIA to English 
readers. 

An innovation in the format of PC—the use of hard 
covers—was started wih Volume 9. The increase in cost 
was negligible, and it is felt that the hard covers will make 
this and forthcoming numbers more attractive, dignified, 
and permanent than were former numbers with their re- 
semblance to separates. 

Plans for future issues are dependent on sales of previous 
volumes since PC attempts to operate self-sufficiently. Be- 
cause printing costs have risen sharply, the intervals be- 
tween publications will in all probability be longer than in 
the past. While funds accumulate, however, plans are 
being studied for the next issue. Among the possibilities 
that have been proposed is the “Selection of articles on 
plant pathology from Berkeley’s Vegetable Pathology” 
edited by Dr. J. G. Dickson, and the companion “Index to 
Vegetable Pathology’ compiled by Dr. J. B. Carpenter. 
Other suggestions will, as always, be welcomed. 


L. C. Knorr, Editor. 
Report of Representative on the Governing Board of 


the American Institute of Biological Sciences. The activi- 
tives of AIBS have continued along the lines cited in the 
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last annual report. The placement service published lists 
of candidates for positions: 207 names in November 1952; 
240 names in February 1953. Eight new Associates have 
been received as members, and 2 Associates dropped mem- 
bership. Approximately 1,500,000 copies of the bio-sciences 
newsletter were distributed abroad. The advisory commit- 
tees of ONR reviewed some 130 new proposals for research 
grants. Under a contract with the American Physiological 
Society a survey of high school and elementary school 
texts in biology, health, and general science was com- 
pleted. Two members from AIBS were elected to the 
Scientific Manpower Commission. A series of guest edi- 
torials covering vocational guidance in the field of biology 
has been arranged for the bulletins with reprints to be 
made available. A symposium on Biology and Industry for 
the Madison meeting was arranged. A subcommittee has 
prepared a report on a study of a possible cooperative busi- 
ness service for biological journals to be presented to so- 
ciety officers at the Madison meeting. The AIBS budget 
for 1953-54 totaled $49,950 of which $11,200 is derived 
from Society dues; $10,000 from Rockefeller Foundation, 
$1,000 from affiliates; $3,750 from Associates; $9,000 from 
bulletin advertising; $14,000 from convention dues; $1,000 
from miscellaneous sources. Expenditures budgeted are: 
Office salaries, $19,500; printing bulletin, $10,000; conven- 
tion costs, $13,000; equipment, supplies, travel, miscella- 
neous, $4,800; NRC overhead, (in lieu of office rent, financ- 
ing facilities, etc.,) $2,365; balance, $285. 


J. C. WALKER. 


Report of the Representative to the Division of Biol- 
ogy and Agriculture, National Research Council. Be- 
cause of a prior commitment to attend the International 
Society of Sugarcane Technologists in the British West 
Indies, it was not possible for the representative of the 
Society to be there on April 24. A talk by Dr. Paul Weiss, 
Chairman of the Division of Biology and Agriculture of 
the National Research Council, was sent to the repre- 
sentative. In this paper, he discussed “The Biological Sci- 
ence Foundation to Medicine and Science.” He stated that 
the biological sciences constitute one of the most profitable 
investments of society. He also felt that it is absolutely 
essential that a great deal more fundamental work be 
done. 

S. J. P. Cutrton. 


Report of Representative to the Food Protection Com- 
mittee, Food and Nutrition Board, National Research 
Council. The Society’s representative has attended 4 meet- 
ings of the Food Protection Committee since the last an- 
nual meeting. Most of the Committee deliberations were 
concerned with the hazards attendant upon the use of 
polyoxyethylene esters as surface active materials in bread 
to improve its physical properties and as such are not of 
direct interest to the Society membership. 

The Subcommittee on Pesticides continued its delibera- 
tions on the prerequisites for marketing of a new pesticide 
in the hope of establishing some basic principles on types 
and extent of tests required before a material could be re- 
leased. After many conferences with representatives of 
law-enforcing agencies and representatives of industry a 
generous basis of mutual agreement was found. Some dif- 
ferences in viewpoint could not be resolved but it is be- 
lieved that a substantial contribution to the orderly de- 
velopment and introduction of new pesticides was made. 

Results of these deliberations were summarized as Part 
III of a pamphlet entitled “Safe Use of Chemical Additives 
in Foods” from the National Research Council under date 
of December, 1952. The responsibilities of industry and 
government were defined in the introductory statement and 
outlines were provided as to the type of information that 
should be available prior to placing a material on the mar- 
ket. The data required on 1) chemical and physical prop- 
erties including analytical procedures, 2) biological data 
establishing the necessity for use by laboratory field plot 
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and large scale tests, 3) safety for plants and animals in 
the light of possible accumulation of residues, 4) toxico- 
logical data required and methods of determining the same 
by acute and chronic feeding tests, and 5) coordination of 
various aspects of research into chemistry, biological ef- 
fectiveness and toxicology so as to avoid unnecessary waste 
of research funds were outlined and discussed. 

The Society’s representative unofficially supported the 
legislation proposed by the Honorable Mr. Miller of the 
House of Representatives to amend the Food, Drug and 
Cosmetic Act. He proposes that all new chemicals must 
be known to be safe; pesticides must be considered in a 
separate class apart from intentional food additives; and 
regulation must come from established tolerances with due 
recourse to the courts within a reasonable period of time. 

Activities of the Food Protection Committee have begun 
to taper off but since the Committee is still organized it 
might be well to continue the representative for another 
year. 


Grorce L. McNew. 


Report of Representative of the Agricultural Research 
Institute. The initial meeting of the Institute was held on 
Thursday, October 16, 1952 in the National Research Coun- 
cil Building at Washington, D. C. The Society’s represen- 
tative was present for the entire program which lasted from 
10:00 a.m. to 4:00 p.m. Most of the time was devoted to 
procedure dealing with the organization and objectives of 
the Agricultural Research Institute. During past years the 
activities of the group which now constitutes the Institute, 
were concerned primarily with various phases of animal 
production. Numerous excellent publications which com- 
pile present information dealing with diseases of domestic 
animals have been prepared. The present objective is to 
enlarge the scope of this work to include plant production. 
Thus, there is need for a representative of the American 
Phytopathological Society. Since the October meeting 
several publications have been received. A request for sug- 
gestions concerning future activities was answered. 

The second annual meeting of the Agricultural Research 
Institute is to be held in Washington, D. C. on November 
23 and 24. A registration fee of $10.00 is contemplated. 
If the Society wishes the present representative to attend, 
he will be glad to do so. Potentially the Agricultural Re- 
search Institute could be of much value to many phases of 
plant production and representation of the American Phyto- 
pathological Society is desirable. 


W. F. Jerrers. 


Report of Representative on the Board of Editors, 
American Journal of Botany. The publication of the 
American Journal of Botany has proceeded without inter- 
ruption. Manuscripts are commonly printed about 7 months 
after they are received. Now that this journal and Puyto- 
PATHOLOGY both have comparable formats and the same 
printer, they are more closely related than ever before. 


A. J. Riker. 


Report of the Representative on the American Type 
Culture Collection. The sale of cultures has increased dur- 
ing the past year. A certified audit of the Collection’s 
finances as of December 31, 1952, shows total assets amount- 
ing to $53,827.22. This includes the inventory, unexpired 
insurance, prepaid rent, cultures in stock (valued at $15,- 
000), cash on hand and in bank ($9,825.52), and invest- 
ments ($13,969.83). In addition, about $8,000 which was 
donated by industrial firms in 1949 for use by the Collec- 
tion, is held by the National Research Council for emer- 
gencies. 

About 350 cultures of various bacteria and fungi have 
been added to the Collection during the year. This includes 
about 65 new species or strains of plant pathogenic bac- 
teria and fungi. Twenty of these pathogenic bacteria were 
supplied by the Indian Agricultural Research Institute, New 
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Delhi. Fifty or more of the older cultures of plant patho- 
genic bacteria and fungi were replaced with new virulent 
cultures. 

There has been no change in the methods of conducting 
the affairs of the Collection. The special committee ap- 
pointed by the NRC is still studying the possibilities of 
affiliation of the ATCC with the Smithsonian Institution. 
Accordingly, each of the representatives of the several so- 
cieties sponsoring the ATCC is submitting a resolution to 
his society. 

H. H. McKINNeY. 


Report of the Committee on Donations and Legacies. 

It is recommended that: 

1) The dues statement sent out by the Treasurer should 
provide space for a voluntary contribution to the Society’s 
funds for permanent investment. 

2) The Business Manager be authorized to provide 
gratuitous subscriptions to PHyYTOPATHOLOGY to the follow- 
ing named institutions and persons: 

(1) The American Institute of Biological Sciences, 

% The Managing Editor, AIBS Bulletin, Wash- 
ington 25, D. C. 

(2) Centro de Documentacion Cientifica y Tecnica, 
Dr. A. Peréz Vitoria, Director. Plaza de la Ciuda- 
dela 6, Mexico, D. F. 

(3) Dr. Kidefumi Asuyama, Faculty of Agriculture, 
University of Tokyo, Bunkyo-Ku, Tokyo, Japan. 

(4) William B. Brierley, University of Reading, Read- 

ing, England. 

(5) J. E. Hardh, Agricultural Research Centre, Tik- 

kurila, Finland. 

(6) K. Minev, Faculty of Agriculture, Macedonia, 

Yugoslavia. 

(7) Yosikazu Nisikado, Ohara Institute, Okayama, 
Japan. 

(8) H. Pape, Institut f. Getreide-, Olfrucht-u. Futter- 
pflanzenbau, Schlosskoppelweg 8, Kitzeberg b. 
Kiel, Germany. 

Jaroslav Peklo, Chodska 311, Prague XII, Czecho- 
slovakia. 

(10) J. A. Sarejanni, Phytopathologique Banaki, Ath- 

ens, Greece. 

3) Two hundred dollars be appropriated out of income 
from investments to assist BIOLOGICAL ABSTRACTS in 
the expeditious publication of any of its subject indexes 
that are now in arrears. 

4) Two hundred dollars be appropriated out of income 
from investments to reimburse the American Type Culture 
Collection for expenses incurred in publishing a catalog of 
plant virus type cultures. 


(9 
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FREEMAN WElIss, Chairman. 


Report of the Extension Committee. The Extension 
Committee has not met since the last annual meeting of the 
Society. At that time 15 extension plant pathologists at- 
tended a luncheon meeting. Representatives of commercial 
interests sponsored the luncheon and contributed to the 
program. Doctors C. D. Chupp and M. F. Barrus received 
recognition for their many years of service and their fine 
example in extension plant pathology at Cornell Univer- 
sity. A report on forage and legume crop seed treatment 
was presented by S. B. Fenne of Virginia Polytechnic In- 
stitute. The information was obtained by questionnaire 
from 29 plant pathologists throughout the United States. 
The status of organic fungicide 406 for fruit disease con- 
trol and of manganese ethylene bisdithiocarbamate for 
vegetable disease control was discussed. Forest patholo- 
gists Doctors Lee M. Hutchins and G. Flippo Gravatt pre- 
sented an illustrated lecture on “Oak wilt and sweet gum 
blight in the Eastern United States.” 

Disease control extension letters and other publications 
are distributed regularly from Dr. R. J. Haskells’ office, 
Washington, D. C. This service is much appreciated. 


L. O. Weaver, Chairman. 


Report of the Committee on Finances and Investments. 
During the fiscal year July 1, 1952 to June 30, 1953 invested 
funds were increased in the amount of $22,693.03. These 
funds were deposited with savings and loan associations, 
insured by the Federal Deposit Insurance Corporation, and 
paying from 3 to 3% per cent interest. No new investments 
were made in stocks during the past year because of the 
unsettled condition of the market. As a hedge against in- 
flation the Committee, with the approval of the Council, 
formally decided to place invested funds more or less 
equally in high quality stock and in bank deposits. In 
keeping with this decision, the Committee should, at an 
opportune time, purchase investment grade stocks with 
some of its present funds on deposit in banks. 


A. E. Dimonp, Chairman 


Report of the Committee on International Cooperation. 
The Committee on International Cooperation has engaged 
in a number of activities designed to promote international 
cooperation in plant pathology and has attempted to en- 
courage others. 

Although the Committee, as a committee, can take no 
credit for the cooperative regional rust nurseries estab- 
lished and maintained by the Bureau of Plant Industry, 
Soils, and Agricultural Engineering and a number of Latin 
American countries, some of the committee members as- 
sisted in the initiation of this project and have encouraged 
it as much as possible. This service has been much appre- 
ciated by pathologists and breeders in Latin America, who 
look upon it as the best type of international cooperation 
because of the mutual benefits. 

The second activity, to which allusion was made in the 
report for 1952, was in attempting to assist in the develop- 
ment of regional cooperation on problems of cereal rusts 
and other diseases in the Near East. Mr. W. E. Purnell, 
head of the Unesco Field Science Cooperation Office in 
Cairo, Egypt, and others have worked hard to promote this 
cooperation. Two possibilities have been suggested: 1) 
the establishment of a regional laboratory; 2) the estab- 
lishment of smaller laboratories in several countries of the 
Near East. This project is temporarily at least in abeyance, 
but attempts will be made to promote the project vigor- 
ously during the coming year. 

The third activity, in which certain members of the Com- 
mittee participated, is the plan for a Latin American con- 
ference in Colombia in 1955 of plant pathologists, eco- 
nomic entomologists, plant breeders, and possibly soils ex- 
perts. This will be a continuation of the efforts to stimu- 
late cooperation on concrete projects in the western hemi- 
sphere. 

E. C. StaKMAN, Chairman. 


Report of the Placement Committee. During 1952, 58 
plant pathologists have had their applications in the active 
files of the Placement Committee. Prospective employers 
requested applications in an attempt to fill 24 positions. 
Eighty-one applications have been sent out to 24 employers. 

Incomplete records show that at least 2 plant pathologists 
have obtained positions during 1953 through the efforts of 
the Committee. During 1953 the application form was 
slightly revised and is now in use. 


Epwin E. Honey, Chairman. 


Report of the Committee on Public Relations. AIBS 
Publicity at 1952 Meetings: Newspaper releases included 
New York Times, Associated Press, and Central New York 
State papers such as Ithaca Journal, Rochester Gazette, and 
2 Syracuse papers. 

Radio talks on stations WHCN and WHCN-FM: The FM 
station has a large listening audience in New York State 
and surrounding states. The talks were given by Miss 
Cynthia Westcott, James Horsfall, George McNew, S. E. A. 
McCallan and Thomas Sproston, chairman of Public Rela- 
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tions Committee. 

Year Round Publicity: Articles on plant pathology ap- 
peared in House and Garden, New Yorker, Saturday Eve- 
ning Post, Agricultural Chemicals, Better Homes and Gar- 
dens, and other national magazines. There were many arti- 
cles in newspapers, usually of a local nature. Plant pathol- 
ogists throughout the country have cooperated splendidly 
in making these releases available. 

Because of increasing national recognition and under- 
standing of plant pathologists, editors of several national 
magazines have requested feature stories. These requests 
were funnelled to the appropriate specialists. 

Publicity compared favorably with other biological sci- 
ences, and plant pathology gained in recognition. 


THOMAS Sproston, Chairman. 


Report of the Committee on Plant Disease Prevention. 
This Committee has not met formally during the past year 
but developments have been brought to its attention which 
will be of interest. In May, the Agricultural Board of the 
National Research Council distributed a resolution again 
calling to the attention of all agencies concerned the need 
for more intensive investigations of exotic plant diseases 
and pests in foreign countries in anticipation of their ar- 
rival in the United States. The Civil Defense Administra- 
tion, however, was unable to obtain funds for such work. 
The Committee will continue to bring the need for these 
studies to the attention of the agencies which may be in a 
position to finance the work. The attention of the Com- 
mittee was called in December to reports from mid-western 
states of plans for the distribution of buckthorn by the 
Soil Conservation Service or the Fish and Wild Life Serv- 
ice. When the subject was discussed with responsible per- 
sons in both these services the Committee was assured that 
they recognize the danger of making plantings of this kind 
and will rectify any inadvertent action which might have 
been taken. 

E. B. Lambert, Chairman. 


Report of the Committee on Regulatory Work and 
Foreign Plant Diseases. This Committee did not have any 
formal meetings during the year. The Federal Bureau of 
Entomology and Plant Quarantine has requested the advice 
of the Committee in the preparation of adequate safe- 
guards in the administration of contemplated legislation 
restricting the importation, into the United States, of viable 
plant pathogens. Inasmuch as this legislation has not yet 
been presented to the Committee in formulated stage 
(scheduled introduction next Session of Congress) the work 
of the Committee on this subject is held in abeyance. 

A previous report recommended full support to the Potato 
Wart Eradication Programs of the states of Pennsylvania, 
Maryland, and West Virginia. The Pennsylvania eradica- 
tion program is proceeding according to a previously estab- 
lished schedule which anticipates the completion of the 
program in 1957. 

Another of the Committee’s previous reports recom- 
mended the preparation of a Kodachrome film depicting the 
various important field operations of the Pennsylvania Po- 
tato Wart Eradication Project. The Federal Division of 
Foreign Plant Quarantines has delegated one of its pro- 
fessional photographers to this assignment. Most of the 
field photography has been completed and the film should 
be ready for general presentation by the end of 1953. 


E. G. Rex, Chairman. 


Report of the Committee on Seed and Plant Material 
Certification. The committee hopes to complete the study 
and compilation of data collected during the past 2 years 
concerning possible disease standards that might be used 
in certification procedures to reduce important seed-borne 
diseases. The committee, subject to approval, plans to 
issue a full report of the survey for publication in a suit- 
able journal and hopes late’ to achieve more general par- 
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ticipation by American plant pathologists. It wishes again 
to express its appreciation for the cooperation extended 
by the International Crop Improvement Association. 


Joun R. Harpison, Chairman. 


Report of the Committee on Resolutions. Be it re- 
solved: that The American Phytopathological Society, as- 
sembled in Madison, Wisconsin, for the 45th Annual Meet- 
ing of the Society, does hereby express gratitude to all 
those who contributed to the success of this meeting and 
especially to: 

1.) President and Mrs. E. B. Fred of the University of 
Wisconsin, for the gracious reception extended to our mem- 
bers in the Great Hall of the Wisconsin Memorial Union 
on the afternoon of September 6th. 

2.) The Committee on local arrangements consisting of 
G. S. Pound (chairman), D. C. Arny, D. J. Hagedorn, Earle 
W. Hanson, A. C. Hildebrandt, James E. Kuntz, Curt Leben, 
J. D. Moore, and their wives for the careful planning of the 
meeting, for the excellent banquet, for arranging a most 
instructive exhibit of plant disease research, and for their 
generous considerations for the welfare and entertainment 
of our members and their wives. 

3.) The Convention Director, C. J. Hylander, and other 
officers of the American Institute of Biological Sciences for 
their thoughtful planning and arranging of meeting details. 

4.) James H. Larson, The Wisconsin State Journal, Capi- 
tol Times, and the national wire services for news coverage 
of Society affairs. 

5.) The Graduate Students of the University of Wiscon- 
sin for their services in operating projection equipment. 

6.) Our Society President, J. G. Dickson, for his sincere, 
untiring, and productive efforts; our Secretary, S. E. A. 
McCallan, for his most generous devotion of time and en- 
ergy; our Editor for his painstaking and unceasing efforts; 
and our Treasurer and Journal Business Manager for his 
excellent direction of our financial affairs. 


Francis O. Hoimes. 
James H. JENSEN. 


Elections and Appointments. A committee was ap- 
pointed by the Council to count the ballots for the election 
of new officers. The following were declared elected: 
President Elect, James H. Jensen; Vice President, Helen 
Hart; Councilor-at-Large, Paul R. Miller. 

Upon the recommendation of the Council, the Society ap- 
proved the appointment for a 3-year term of Glenn S. Pound 
as Secretary and S. E. A. McCallan as an Editor and 
Arthur Kelman, M. P. Starr, A. L. Taylor and C. E. Yar- 
wood as Associate Editors of PHYTOPATHOLOGY. 

The appointments were endorsed of L. C. Cochran, David 
Gottlieb, J. S. Neiderhauser, W. C. Paddock, J. M. Wal- 
lace, and G. A. Zentmyer as delegates to the VIII Inter- 
national Botanical Congress, Paris, July 1954. 

Representatives, Standing Committees, Special Commit- 
tees, and Temporary Committees as listed above were ap- 
proved and appointed. 

The Society approved recommendations by the Council 
as follows: 

1. Accepted the reports of Officers, Representatives, 
Standing Committees, and Special and Temporary Com- 
mittees. 

2. Authorized the Editor-in-Chief, in consultation with 
the Editorial Board to compile directions on, “The prep- 
aration of manuscripts for PHYTOPATHOLOGY” which shall 
be published in PHytopaTHOLocy and reprints of which 
shall be available for distribution. 

3. Authorized the reduction in charges for excess en- 
gravings in PHyYTOPATHOLOGY to one-half. 

4. Approved the following recommendations of the 
Standing Committee on Donations and Legacies: (a) That 
the dues statement sent out by the Treasurer provide space 
for a voluntary contribution to the Society’s funds for per- 
manent investment. (b) That the Business Manager be 
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authorized to provide gratuitous subscriptions to 10 speci- 
fied individuals or institutions. (c) That $200.00 be appro- 
priated out of income from investments to reimburse the 
American Type Culture Collection for expenses incurred in 
publishing a catalog of plant virus type cultures. 

5. Deferred action on the proposal to aid financially 
Biological Abstracts until after the report of the National 
Science Foundation on abstracting services has been made 
and studied. 

6. Endorsed strongly the suggested plan of the Com- 
mittee on Seed and Plant Material Certification to study 
critically the certification standards of the various crop 
improvement associations with the aim of improving such 
standards and that the results of this study be published in 
a suitable journal, such as the Plant Disease Reporter. 
Further the Society approves of the Committee’s plan to 
organize appropriate subcommittees to study the various 
crops. 
7. Thanked the Committee on Industrial Relations for 
their efforts in obtaining pledges totaling $2,300.00 from 
industry for the support of a plan to obtain and publish 
the results on new fungicide tests. 

8. Approved the plan of the Temporary Committee on 
Method of Collecting and Disseminating Data on New 
Fungicide Tests whereby: (a) A. G. Newhall is appointed 
editor and collator to assemble the results of new fungi- 
cide tests, on a self-sustaining basis with reimbursement 
for time and expenses, (b) the compilation is published by 
invitation in “Agricultural. Chemicals” and reprints are 
purchased for sale, (c) the reprints are mailed through the 
courtesy of the National Agricultural Chemicals Associa- 
tion and (d) the project is continued on an annual basis. 

9. Approved the establishment of a minimum reserve 
fund of $40,000 which shall be invested in sound securities. 

10. Authorized the registration fee of $10.00, for the 
Society representative to attend the second annual meeting 
of the Agricultural Research Institute, and instructed the 
Secretary to protest the levying of said registration fee on 
Scientific Societies. 

11. Empowered the President to seek a part-time Edi- 
tor to solicit and edit articles for publication in “What’s 
New in Crops and Soils.” 

12. Approved a budget of $1500.00 to be given the 
Committee on Public Relations for one year on a trial basis, 
to foster their activities. 
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13. Approved in principle the resolution on eradica- 
tion of Rhamnus spp. submitted by the North Central Divi- 
sion and suggested that it be referred to the Plant Disease 
Prevention Committee for further study and action. 

14. Accepted into Annual and Student Membership, 
61 and 106 applicants respectively. 

15. Approved the following resolution prepared by 
the Representative to the American Type Culture Collec- 
tion: 

RESOLUTION 

The American Type Culture Collection which is spon- 
sored by The National Research Council, The American 
Phytopathological Society, and other scientific societies 
maintains a collection of many bacteria, fungi, viruses, and 
other microbes. Experience has indicated that a national 
collection of microorganisms best serving the interests of 
science, medicine, education, and industry can evolve only 
by affiliation of such an organization as the American Type 
Culture Collection with some older museum type of insti- 
tution. Believing that maintenance of a national collec- 
tion of microorganisms is a proper responsibility of gov- 
ernment and the community at large, as is the support of 
museums, zoological gardens, and herbaria, be it resolved 
that The American Phytopathological Society lend its sup- 
port to efforts seeking the development of the American 
Type Culture Collection into a truly national collection of 


microorganisms. 
resolved that the officers of The 


Furthermore, be it 
American Phytopathological Society communicate the 


above resolution to the Board of Trustees of the American 
Type Culture Collection, and that the officers of the So- 
ciety be empowered to write to the members of the Board 
of Regents and the secretary of the Smithsonian Institu- 
tion asking that earnest consideration be given to the de- 
sirability and practicality of affiliation of the American 
Type Culture Collection with the Smithsonian Institution. 


Announcements of Meetings. The Council announced 
that plans were in progress for holding the 46th Annual 
Meeting at the Association Camp, Estes Park, Colorado 
on August 25, 26 and 27, 1954. 

The 47th Annual Meeting will be in conjunction with 
the A.A.A.S. at Atlanta, Georgia, in late December, 1955. 


S. E. A. McCatian, Secretary 





